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and  was  the  preferred  host  for  both  insects.  S.  canadensis  had 
significantly  lower  leaf  nitrogen  content  but  performance  of  both  insects 
on  this  host  was  equivalent  to  performance  on  qiqantea  and  S. 
leavenworthii  because  of  the  low  leaf  water  content  of  these  two  plant 

The  insect  population  was  surveyed  and  the  number  of  leaves,  leaf 
area,  plant  height  and  flower  stalk  size  were  determined  for  each  species 
of  goldenrod  during  four  periods  of  the  growing  season  in  1983  and  1984. 
Total  leaf  area  best  explained  the  variation  in  insect  diversity  among 
the  seven  locations  studied.  Plant  frequency,  local  abundance  and 
environmental  factors  also  had  a detectable  effect  on  this  variance. 
Chemical  defenses  and  nutritional  quality  of  the  host  plant  may  be 
responsible  for  unexplained  variability. 

The  seasonal  build  up  of  the  insect  fauna  closely  fits  Lawton's 
(1978)  hypothetical  model  for  the  interaction  between  plant  architecture 
and  chemical  defenses  on  changes  in  the  insect  community  during  the 
growing  season  of  a perennial  herb. 

Seven  Insects  are  rated  as  possible  biological  control  agents: 
Eurosta  prob.  coiroa  (attacking  roots),  Sparganothis  distincta  and 
Ophraella  inteqra  (leaf  chewers),  Agromyzidae  sp.  2 and  Cremastobombycia 
solidaginis  (leaf  miners),  Asteromyia  carbonifera  (leaf  gall  maker), 
Schlnia  nundina  (seed  feeder)  and  Schizomvia  racemicola  (flower  gall 

Goldenrods  act  as  a reservoir  for  many  beneficial  insects,  but  for 
only  a few  pest  insects. 


INTRODUCTION 


Plants  of  the  genus  Solidaqo  are  widespread  throughout  the  United 
States.  About  15  species  of  this  perennial  herb  occur  in  Florida 
(Clewell,  1980).  Four  species  are  more  likely  to  be  found  in  the  old 
fields,  fence  rows,  or  roadsides  in  the  Gainesville  area.  They  are: 
Solidago  canadensis  L.  var.  scabra  (Muhl ) [treated  by  many  as  S.  altissima 
(Werner  et  al.,  1980)],  S.  fistulosa  Miller,  S.  giqantea  Aiton  and  S. 
leavenworthii  T.  * G.  S.  canadensis  var.  scabra  and  S.  giqantea  range 
naturally  throughout  the  eastern  region,  from  Florida  to  Canada,  and  have 
been  introduced  to  Europe  (Capek,  1971).  S.  canadensis  also  occurs  in 
Japan  (Ito  et  al.,  1979).  fistulosa  and  S.  leavenworthii  are  confined 
to  the  southeastern  region  of  U.S.  (Cronquist,  1980).  These  four  species 
can  be  easily  distinguished  from  each  other  by  differences  in  size,  form, 
and  structure  of  the  leaves  and  Inflorescence,  and  in  flower  phenology. 
All  four  species  begin  to  grow  in  late  March  and  die  down  to  rhizomes  in 
the  beginning  of  December.  They  build  up  their  structure  each  year,  as 
leaves,  stems,  flowers  and  seeds  are  added  to  the  plant  through  the 
growing  season.  None  of  these  species  is  a pest  of  cultivated  fields  in 
the  United  States.  However,  S.  canadensis  var.  scabra  is  a host  for  some 
diseases  that  also  attack  economically  important  trees  (Nicholls  and 
Anderson,  1976;  Werner  et  al.,  1980).  It  also  secretes  allelopathic 
substances  that  Inhibit  germination  and  growth  of  surrounding  vegetation 
(Ichihara  et  al.,  1978).  This  species  and  S.  giqantea  are  noxious  weeds 
of  reforestation  areas  and  forest  nurseries  in  Europe.  A biological 
control  program  of  goldenrods  was  proposed  by  Capek  (1971)  and  Zwolfer 


(1976).  A survey  of  natural  enemies  to  identify  potential  biological 
control  agents  is  now  taking  place  in  North  America  (Reid  et  al..  1976). 

On  the  other  hand,  these  plant  species  have  some  beneficial 
properties  that  could  be  explored  in  their  native  land,  where  they  are 
not  considered  noxious.  S.  canadensis  var.  scabra  is  an  alternate  source 
of  food  for  arthropod  predators  and  parasitioids  of  crop  pests  (Altierl, 
1979).  It  also  produces  chemical  substances  that  have  insecticidal 
characteristics  (Kawazu  et  al.,  1977).  Goldenrod  blooms  are  an  important 
source  of  pollen  and  nectar  in  late  fall  (Hensel,  1982). 

The  general  objective  of  this  study  is  to  present  basic  information 
on  the  insect  community  structure  of  goldenrod.  Such  Information  is 
relevant  if  goldenrod  is  to  be  manipulated,  either  as  beneficial  plants 
that  should  be  maintained  or  even  enhanced,  or  as  undesirable  plants  that 
should  be  controlled.  A biological  control  program  could  proceed  faster 
and  be  less  expensive  if  better  predictions  could  be  made  on  which  of  the 
phytophagous  species  would  be  good  candidates  for  biological  control 
agents.  The  chance  of  finding  successful  agents  increases  with  the 
knowlege  of  the  proportion  of  polyhagy  among  phytophgous  insects  related 
to  the  target  weed  (Lawton  and  Schroeder,  1978). 

To  access  information  on  the  interactions  between  the  insect 
community  and  goldenrod  plants,  and  their  implications,  the  following 
points  will  be  considered: 

1_.  The  abundance  of  the  different  taxa  of  Insects  on  goldenrod  and 
their  relationship  to  the  structural  characteristics  and  phenology  of  the 

2.  The  specificity  of  phytophagous  insects  and  their  distribution  by 


total  number  of  Insect  species 


2-  The  correlation  between  the 
the  architectural  complexity  of  the  host  plant. 

4.  The  life  history  strategies  of  two  phytophagous  insects  most 
frequently  found  in  Gainesville,  considering  food  and  oviposition 
preferences  among  the  four  hosts  studied. 


LITERATURE  REVIEW 


Ecological  Role  of  Goldenrods 

The  genus  Soli  dago  belongs  to  the  tribe  Asteraea  of  the  family 
Compositae.  Plants  of  this  genus  are  found  in  a variety  of  environments, 
from  dry  to  sterile  soil,  sand,  and  salt  marshes  to  fertile  land  of  wet 
forests;  from  open,  abandoned  old  fields  to  shady  woods  (Capet,  1971; 
Hensel,  1982).  It  is  represented  by  more  than  100  species  distributed  in 
the  Americas,  Eurasia,  Azores  (Fernald,  1950)  and  Japan  (Takafugi,  1980). 
Host  of  the  species  are  endemic  to  North  America,  a few  to  South  America 
and  Eurasia  and  one  to  the  Azores  (Fernald,  1950). 

Goldenrods  are  perennial  herbs,  characteristic  of  secondary 
succession.  They  reproduce  vegetatively  by  rhizomes,  and  sexually  by 
producing  great  numbers  of  light  achenes  (Werner  et  al.,  1980). 

The  large  blossoms  of  goldenrods  make  them  very  attractive  as 
ornamental  plants.  They  are  adapted  to  a variety  of  conditions  (Hensel, 
1982)  and  bloom  from  suinner  to  late  fall,  when  most  other  plants  have 
stopped  flowering.  Goldenrod  blooms  are  also  valued  by  beekeepers,  since 
they  are  one  of  the  few  sources  of  pollen  and  honey  in  late  fall  (Feller- 
Demalsy  and  Lamontagne,  1979;  Teras,  1976;  Falaleev  and  Saenko,  1977; 
Demianowicz  and  Warakomska,  1973).  Some  pollinator  insects  such  as 
bumblebees  (Heinrich,  1979;  Teras,  1976)  and  honeybees  (Olsen,  1975; 
Bohart  and  knowlton,  1973)  prefer  the  easily  accessible  flowers  of 
goldenrod.  Pollstes  fuscatus  (F.),  a social  wasp,  and  the  locust  borer 
Megacyllene  robinae  (Forsten)  selectively  visited  blooms  of  Soli  dago 
canadensis  among  the  various  fall  flowering  plants  in  three  goldenrod 


fields  In  southwest  Ohio  (Blackwell  and  Powell,  1981).  The  main 
pollinators  of  goldenrods  are  honeybees  (Apis  mellifera  Linn. ), 
bumblebees  (Bombus  sp.),  soldier  beetles  [Chaulioqnathus  pennsylvanicus 
(DeGeer)]  and  syrphid  flies  (Werner  et  al.,  1980).  Some  mosquitoes  also 


1977;  Grimstad  and  DeFoliart,  1974). 

Goldenrod  have  other  useful  properties.  Leaves  of  the  sweet 
goldenrod  (S.  odora  Alton)  make  an  anise-flavored  tea  and,  if  boiled  in 
water,  make  a green  dye  that  can  be  used  for  fabrics  (Strieker,  1981). 


odora  can  be  used  for  oil  production  (Lawrence,  1979;  Arinshtein  and 
Radchenko,  1972).  Perhaps  the  most  investigated  property  of  Soli  dago 
spp.  is  their  chemical  constitution  (Harborne,  1977;  Hegnauer,  1977;  and 
Her 2,  1977).  Compounds  such  as  diterpenes,  glycosides,  flavonoides  and 
saponins  were  extracted  from  goldenrod  plants  (Hiller  et  al.,  1979,  1983; 
Grundemann  et  al.,  1979;  Yamura  et  al.,  1981).  A survey  in  the  USSR 
showed  that  S.  vi rqaurea  was  among  23  species  of  plants  used  in  folk 
medicine,  suggesting  that  its  chemical  properties  should  be 
scientifically  investigated  (Nikolaeva,  1976).  Some  of  the  chemical 
substances  in  goldenrods  may  also  have  Insecticidal  properties.  Hale 
cockroaches,  Periplaneta  americana  (L.),  are  stimulated  by  extracts  of 
the  leaves  of  S.  altissima  (Nishino  and  Tsuzuki , 1975).  Insects  exposed 
to  these  extracts  showed  characteristic  restless  behavior.  A methanol 
extract  of  rhizomes  of  S.  altissima  incorporated  into  the  diet  completely 


Some  of  the  substances  produced  by  Soli  dago  spp.  inhibit  germination 
and  growth  of  the  surrounding  vegetation  (Ichihara  et  al.,  1978).  This 
allelopathic  effect  of  goldenrod  plants  may  have  Important  economic 
implications.  For  example,  growth  of  black  locust  was  reduced  90%  by 
adding  dried  foliage  of  £.  canadensis  var.  scabra  (a  S.  altissima)  to  the 
media  (Larson  and  Schwarz,  1980).  A water  extract  of  S.  qigantea  Alton 
inhibited  height  growth,  secondary  needle  formation  and  dry  weight 
Increments  of  Pinus  resinosa  Ait,  seedlings  (Norbi  and  Kozlowski,  1980). 
Germination,  nutrient  uptake  and  growth  of  young  sugar  maple  (Acer 
saccharum  Marsh)  was  inhibited  by  water  soluble  compounds  produced  by 
Solidago  spp.  (Fisher  et  al.,  1978).  The  production  of  these 
allelopathic  substances  make  goldenrods  strong  competitors.  This  trait, 
associated  with  rapid  vegetative  reproduction,  allows  them  to  form  dense 
stands,  crowding  out  other  vegetation.  In  certain  regions  of  Europe, 
where  goldenrods  have  been  introduced,  they  damage  seedlings  as  well  as 
young  and  old  trees  in  reforestation  areas.  Goldenrods  are  replacing  the 
native  vegetation,  consequently  reducing  the  indigenous  phytophagous  and 
entomophagous  insect  populations  because  they  seldom  feed  on  it. 
Goldenrods  are  now  considered  aggressive  pests  of  forest  nurseries  in 
Europe  (Zwolfer,  1976).  In  Japan,  goldenrods  have  become  one  of  the  most 
dominant  weeds  on  railway  right  of  ways,  roadsides  and  other  non-crop 
situations,  near  urban  areas  (Ito  et  al.,  1979).  S.  canadensis 
(typical),  S.  canadensis  var.  scabra  (=  S.  altissima)  and  S.  qigantea 
have  wide  distributions  and  were  imported  some  150  years  ago  into  Europe 
by  gardeners  (Capek,  1971).  Since  these  three  species  may  become 
tenacious  weeds  they  are  now  rarely  recommended  as  ornamentals  (Zwolfer, 
1976;  Capek,  1971;  Pecora,  1977).  S.  canadensis  var.  scabra  is  now  one 


of  the  most  noticeable  naturalized  plants  in  Japan  (Takafuji,  1980). 
Studies  on  chemical  control  of  goldenrod  show  that  some  herbicides  are 
effective  against  this  plant.  S.  canadensis  is  susceptible  to  2,4-D  and 
picloran  in  Quebec.  It  is  also  affected  by  paraquat,  simazine  and 
diuron,  but  susceptibility  to  these  treatments  declines  with  age  (Tomkins 
and  Grant,  1974).  Simazine  + secbumeton  + 2,4-D  proved  to  be  effective  to 
control  £.  canadensis  var.  scabra  (=  S.  altlssima)  in  Germany  (Anonymous, 
1976).  Simazine  alone  had  no  effect  on  this  species  in  lowbush  blueberry 
fields  in  Canada  (Jensen,  1979).  In  Japan,  S.  canadensis  var.  scabra  (= 
S.  altissima)  was  completely  controlled  by  post-emergence  applications  of 
asulan,  tibuthiuron,  thiazafluron  and  isuron  (Ito  et  al.,  1979),  and 
aminotriazole  ♦ diuron  (Nishigaki  and  Ono,  1974).  Chemical  control  of 
Solidago  spp.  was  reported  by  Harris  and  Valdes  (1972),  Williams  and 
Hormail  (1972),  Derting  et  al.  (1973),  Lowance  and  Peters  (1976),  Peters 
and  Lowance  (1978),  Jensen  (1979),  Devlin  and  Deubert  (1980)  and  Peters 
(1983).  In  forest  nurseries  and  reforestation  areas  of  Europe,  where 
goldenrods  are  aggressive  and  troublesome  weeds,  they  are  controlled  by 
costly  mechanical  measures  or  by  applying  herbicides  in  high 
concentration  (Zwolfer,  1976).  This  is  expensive  and  carries  the  risk  of 
environmental  contamination. 

Goldenrods  have  several  characteristics  of  good  candidates  for 
biological  control.  It  is  a structurally  complex  plant,  with  several 
points  of  attack  to  phytophagous  insects.  Although  the  aerial  parts  die 
down  each  winter,  the  rhizomes  are  available  throughout  the  year, 
presenting  an  ecological  continuity.  This  would  be  important  in 
maintaining  and  building  up  a population  of  natural  enemies.  Goldenrods, 
imported  to  Europe  and  Japan  from  North  America,  are  free  from  their 


native  entomofauna.  Damage  caused  by  the  indigenous  phytophagous  Insects 
is  only  minor  and  sporadic  (Capet,  1971;  Zwolfer,  1976).  In  North 
America  however,  many  phytophagous  insects  are  found  associated  with  the 
widely  distributed  goldenrods.  Many  of  them,  restricted  to  the  genus 
Soli  dago,  cause  severe  damage  in  certain  regions  of  Eastern  Canada  (Reid 
and  Harmsen,  1974)  and  the  United  States  (Hartnett  and  Abrahamson,  1979; 
Messina  and  Root,  1980).  Reid  et  al.  (1976)  recorded  46  mirid  species 
from  S.  canadensis  in  southeastern  Ontario.  Over  90S  of  this  mirid  fauna 
belong  to  a group  of  seven  species  which  form  a characteristic  sequence 
of  initial  occurrence  from  early  to  late  season.  In  central  New  York, 
Messina  (1978)  reports  23  species  of  mirids  associated  with  old  field 
goldenrods  (Soli dago  spp.).  Only  six  genera  accounted  for  97*  of  all 
individuals  which  can  be  divided  into  2 distinctive  guilds;  some  feed  on 
goldenrod  flowers  and  others  feed  on  the  immature  foliage.  The  tarnished 
plant  bug,  Lygus  lineolaris  (P.  de  8.),  was  the  most  common  species.  The 
leaf  beetle  fauna  associated  with  Solidaqo  spp.  in  central  New  York  is 
composed  of  nine  specialists  (species  that  feed  only  on  goldenrod  and 
asters),  four  generalists,  and  seven  incidentals.  Two  specialists, 
Trlrhabda  virgata  LeC.  and  X-  borealis  Blake,  account  for  86*  of  all  the 
beetles  collected  (Messina  and  Root,  1980).  Goldenrods  host  many  species 
of  insects  which  stimulate  gall  production  on  stem,  leaf,  root,  or 
inflorescence  (Batra,  1964).  These  gall  insects  may  play  an  important 
role  in  the  evolution  of  the  plant  life  history  patterns.  Stem  galls  of 
Eurosta  solidaqinis  (Fitch) (Tephri tidae ) and  Gnorimoschema 
gallaesolidaginis  (RileyJ(Gelechiidae)  cause  a decrease  of  454  and  28*, 
respectively,  in  ramet  propagule  production  (Stinner  and  Abrahamson, 
1979).  The  presence  of  these  two  galls  and  the 


gall  of  Rhopalomyi; 


solidaqinis  Loew  (Cecidomyi idae)  increased 


stem  production,  decreased 
current  rhizome  production,  and  lowered  seed  reproductive  allocation  of 
S.  canadensis  (Hartnett  and  Abrahamson,  1979).  Occurrence  of  either  gall 
can  have  an  appreciable  impact  on  the  fitness  of  the  plants. 

The  possibilities  for  the  biologial  control  of  goldenrods  in  Europe 
were  fully  discussed  by  Capek  (1971)  and  Zwolfer  (1976).  Capek  (1971) 
surveyed,  during  one  year,  populations  of  £.  canadensis.  £.  canadensis 
var.  scabra  and  £.  gi gantea  in  Ontario.  He  recorded  insects  injurious 
to  roots,  stalks,  leaves,  flowers  and  seeds.  He  recoimended  further 
studies  on  the  following  insects  as  potential  biological  control  agents: 
two  tortricid  species  that  bore  roots  and  stems,  Eucossoma  derelicta 
Heinr.  and  E.  dorsisignatana  slmilana  Clem.:  three  species  of  stem-gall 
makers,  Eurosta  solidaqinis  Fitch.  Epiblema  scuderriana  Clem,  and 
Gnorimoschema  qallaesolidaqinis  Ril.;  and  the  leaf  feeder  Trlrhabda 
canadensis  (Kby.).  The  author  reported  this  beetle  as  being  the  most 
important  phytophagous  species  on  goldenrods  in  Canada.  Further  studies 
(Reid  and  Harmsen,  1974)  showed,  however,  that  T.  borealis  and  not  T. 
canadensis  is  the  major  defoliator  of  S.  canadensis  in  southeastern 
Ontario.  Zwolfer  (1976)  complemented  Capek 's  studies  by  discussing  the 
conflict  of  interests  with  the  beekeepers  and  giving  guidelines  for 
further  research.  Zwolfer  and  Harris  (personal  communication)  grouped 
the  insects  reported  from  Soli  dago  spp.  in  a list  sorted  by  order, 
specificity  and  guild.  In  Japan,  the  noctuid  moth  Argyrogramna 
albostrlata  (Br.  Gr.)  is  reported  as  the  major  defoliator  of  S. 
canadensis  var.  scabra  (=  S.  altissima).  This  species  is  being  studied 
as  a possible  biological  control  agent  (Uematsu,  1980). 


In  the  United  States,  goldenrods  are  also,  in  many  cases,  considered 
harmful  plants.  It  is  generally  believed  that  goldenrod  causes  hay 
fever.  However,  unlike  other  plants  such  as  ragweed,  grasses  and  sedges, 
goldenrod  pollen  is  not  windborne  but  is  transported  from  plant  to  plant 
by  a variety  of  pollinators  such  as  bees,  beetles,  butterflies  and  birds 
(Werner  et  al.,  1980;  Blackwell  and  Powell,  1981;  Hensel,  1982).  In 
reality,  the  showy  blooms  of  goldenrods  are  being  blamed  for  the  harm 
caused  by  the  inconspicuous  flowers  of  other  plants. 

Although  the  hay  fever  problem  is  a myth , the  number  of  disease- 
producing  organisms  hosted  by  goldenrod  is  a fact.  Some  of  these 
organisms  attack  plants  of  economic  importance.  For  example,  S. 
canadensis  hosts  Erysephe  cichoracearum  D.  C.  ex  Herat  (powdery  mildew) 
which  attacks  curcublts  and  composites,  Phymatotrichum  omnivorum  (Shear) 
Dug.  (root  rot)  which  also  occurs  on  cotton  and  sugar  beets,  and 
Colesporium  solidaqlnis  which  is  a fungus  attacking  Plnus  resinosa  Ait.. 
P.  banksiana  Lamb,  and  sylvestris  L.  (Nicholls  and  Anderson,  1976; 
Werner  et  al.,  1980).  Solidapo  sp.  also  hosts  Coleosporium  asterum  that 
attacks  Christmas-trees  in  plantations  and  nurseries  (Lowe,  1972)  and 
Pinus  banksiana  (Anderson  and  Anderson,  1978). 

Goldenrod  may  be  an  alternate  host  for  pest  Insects  that  would 
migrate  to  the  surrounding  goldenrod  fields  when  crop  stands  are  no 
longer  available.  It  could,  on  the  other  hand,  host  beneficial  insects 
such  as  predators  and  parasites  that  would  fly  to  crop  fields  and  keep 
pest  populations  low.  Altieri  (1981)  cites  several  examples  in  which  the 
incidence  of  important  pests  is  reduced  by  maintaining  the  natural  weed 
vegetation  on  the  border  or  within  crop  fields.  The  weeds  offer  an 
alternate  source  of  food,  shelter,  overwintering  sites,  breeding  and 


nesting  areas  for  important  predators,  and  pollen  and  nectar  for 
parasitoids  of  crop  pests.  S.  canadensis  var.  scabra  (=  S.  altissima)  is 
cited  as  one  example  of  a weed  that  provides  an  alternate  food  resource 
(the  aphid,  Uroleucon  sp.)  for  predaceous  arthropods  (Cocci nel lids, 
Chrysopa  sp.,  Reduviidae,  Syrphidae,  spiders  and  others;  Altieri,  1979). 
The  thin-walled  elliptical  galls  caused  on  the  stems  of  S.  gigantea  by 
the  tortricid  moth  Epiblema  scudderiana  (Clem.)  are  an  important  host 
reservoir  for  parasitic  insects  in  southwestern  Pennsylvania.  Of  12 
primary  parasites  that  emerged  in  the  spring  of  1975  and  1976  from  these 
galls,  seven  were  known  to  parasitize  a variety  of  insect  pests  during 
their  sunnier  generations  (Plakidas,  1978).  Bergeron  and  O'Neil  (1968) 
reported  that  galls  on  Soli  dago  spp.,  mainly  on  S.  canadensis  and  S. 
gramini folia  (L.),  yield  69%  Chalcidoidea,  3.7%  Apanteles  and  0.2% 
Vespidae.  A natural  population  of  the  grasshopper  Hesperotettix  viridis 
pratensis  Scud,  in  North  Dakota  declined  and  disappeared  due  to  a high 
rate  of  infection  with  the  nematode  Mermis  niqrescens  Du.i.  Other 
grasshopper  species  were  uninfected  or  had  low  rates  of  infection.  The 
high  percentage  of  infection  in  H.  viridis  pratensis  was  related  to  a low 
wet  habitat,  where  the  grasshoppers  fed  primarily  on  Solidago 
missouriensis  Nutt.  (Mongkolkiti  and  Hosford,  1971). 

Surveys  of  Insects  related  to  a given  plant  species  or  to  a plant 
taxon  frequently  have  as  objectives  the  identification  of  potential  pest 
species  to  the  plant  itself  or  to  other  economically  important  plants. 
Surveys  are  also  made  to  search  for  biological  control  agents.  A survey 
of  goldenrod  Insects  would  serve  both  purposes  and  would  detect  the 
presence  of  important  predators  and  parasitoids  of  crop  pests.  Such 


Information  would  be  of  major  Importance  for  the  understanding  of  the 
ecological  role  of  this  plant  in  agroecosystems. 

Species  Richness:  A Function  of  Plant  Architecture 

Goldenrods  host  a great  diversity  of  phytophagous  and  entomophagous 
Insects.  Farr  (1948)  reported  241  species  on  S.  canadensis  var. 
qelvocanenscens  Rydb.  and  canadensis  var.  scabra  (S.  altissima).  in  a 
single  year.  Several  characteristics  of  the  host  plant  Influence  the 
number  of  insect  species  associated  with  it.  It  was  suggested  earlier 
(Southwood,  1961)  that  the  diversity  of  the  entomofauna  of  a plant  taxon 
increases  with  the  range  of  the  plant  and  is  linearly  correlated  with  the 
geological  age  of  the  plant  taxon.  In  other  words,  the  number  of  insect 
species  associated  with  a given  taxon  would  increase  slowly  and 
continually  without  limit,  over  long  periods  of  geological  time.  There 
is  evidence,  however,  that  an  equilibrium  of  the  insect  cornu ni ty  occurs 
in  ecological  time.  Present  conditions  are  important  in  determining 
insect  diversity,  and  it  has  been  shown  that  the  equilibrium  reached 
depends  largely  on  the  geographical  range  of  the  plant  (Strong, 

1974a, b,c;  Simberloff,  1974).  When  geographically  close  and  similar 
areas  are  considered,  the  larger  the  range  of  the  plant,  the  larger  the 
number  of  phytophagous  species  associated  with  it.  This  principle  is 
based  on  MacArthur  and  Wilson's  equilibrium  theory  of  island  biogeography 
which  predicts  that  "the  number  of  species  of  a particular  taxonomic 
group  on  an  island  will  reach  equilibrium,  and  that  the  equilibrium 
number  of  species  Is  a function  both  of  the  area  of  the  island  and  its 
distance  from  the  species  source"  (Simberloff,  1974). 

Janzen  (1973)  suggested  that  “host  plants  are  islands  in  a sea  of 
vegetation  for  phytophagous  Insects".  Following  this  point  of  view,  the 


theory  of  island  biogeography 


extended  to  include  any  situation 


where  isolated,  discrete  patches  of  habitat  are  surrounded  by  dissimilar 
area.  Opler  (1974)  tested  this  hypothesis  by  examining  the  relationship 
between  116  species  of  leaf  mining  Insects  and  the  range  of  their  18  host 
species  of  oaks.  He  found  that  species  number  increases  curvilinearly 
with  increasing  area.  Many  other  studies  have  confirmed  that  host 
geographical  range  is  the  most  important  determinant  of  the  number  of 
species  associated  with  a host  plant  (Southwood,  I960,  1961;  Southwood  et 
al.,  1982;  Lawton  and  Schroeder,  1977,  1978;  Strong  and  Levin,  1979; 
Connor  et  al.,  1980;  Cornell  and  Washburn,  1979;  Lawton  and  Price,  1979; 
Strong  et  al.,  1977;  Claridge  and  Wilson,  1982;  Cornell,  1984).  More 
widespread  plants  are  more  likely  to  be  found  and  colonized  by  insect 
species  adapted  to  the  various  climatic  situations  covered  by  the  plant's 
geographical  range.  Indeed,  Fowler  and  Lawton  (1982)  showed  that  the 
number  of  habitats  occupied  by  each  species  of  umbellifer  in  Warwickshire 
(England)  had  a marked  effect  upon  agromyzid  species  richness,  with 
plants  that  grow  in  more  habitats  supporting  more  species  of  insects. 

Area  per  se,  however,  is  not  the  only  mechanism  responsible  for 
species-richness.  For  instance,  Lawton  and  Schroeder  (1977)  compared 
standard  species-area  curves  for  perennial  herbs,  woody  shrubs,  weeds  and 
other  annuals  and  monocots.  They  found  a statistically  significant 
difference  in  intercept  among  the  regression  lines  of  these  five  sorts  of 
plants.  For  a given  size  of  geographical  range,  each  group  of  plants  has 
a characteristic  number  of  insect  species  associated  with  it.  The  number 
of  insect  species  associated  with  woody  shrubs  is  equal  that  of  perennial 
herbs,  which  is  larger  than  weeds  and  other  annuals,  which  in  turn  is 


(woody 


perennial 


statistically  significant).  They  next  tested  the  effect  of  taxonomic 
isolation  on  diversity  of  a plant's  entomofauna,  based  on  the  idea  that 
species  with  several  relatives  in  the  same  geographical  area  will 
exchange  herbivores  more  easily  than  unrelated  plant  species  (the  authors 
used  the  word  exchange  to  refer  to  the  "aqulsition  of  a herbivore  guild 
on  an  evolutionary  time  scale").  Only  monocots  provided  evidence  to 
support  this  notion,  and  it  could  not  account  for  the  differences  in 
intercept  among  the  regression  lines.  After  eliminating  the  "apparency" 
explanation  of  Feeny  (1976)(woody  shrubs  are  more  apparent  and  thus  more 
likely  to  have  higher  colonization  and  lower  extinction  rates  than  weeds 
and  monocots)  because  monocots  had  even  less  Insects  associated  with  them 
than  weeds  and  other  annuals,  the  authors  suggested  that  the  richness  of 
the  Insect  fauna  was  a function  of  plant  architecture.  Individual 
species  of  plants  have  different  growth  forms.  They  vary  in  number  of 
suitable  habitats  provided  for  phytophagous  organisms  and  in  physical 
site  of  the  individuals.  They  also  vary  in  average  local  plant  density 
and  in  chemical  characteristics.  This  individual  variation  between  plant 
species  influences  the  number  of  insect  species  associated  with  them. 

When  plants  with  a similar  size  of  geographical  range  are  compared,  the 
richness  of  associated  Insect  fauna  follows  the  sequence: 
trees>shrubs>herbs  (Lawton  and  Schroeder,  1977;  Southwood,  1977;  Strong 
and  Levin,  1979),  i.e.,  it  decreases  with  the  decrease  in  architectural 
complexity  of  the  plants. 

The  term  "architecture”  is  defined  by  Lawton  (1983)  as  "a  variety  of 
plant  attributes  such  as  size  and  growth  form,  seasonal  development, 
persistence  and  variety  of  above  ground  parts".  Plants  with  a more 
complex  architecture  have  more  niches 


available  for  phytophagous 


IS 

as  well  as  for  predators  and  parasites,  supporting  a bigger  equilibrium 
species  pool.  Lawton  (1983)  discusses  the  two  hypothesis  that  might 
explain  the  effects  of  the  components  of  architecture:  the  size  per  se 
hypothesis  and  the  resource  diversity  hypothesis.  The  size  per  se 
hypothesis  states  that  larger  plants  are  more  apparent  and  thus  more 
likely  to  be  found  and  colonized  by  insects,  in  ecological  and 
evolutionary  time,  than  are  small  plants.  If  the  number  of  Insect 
species  on  a plant  is  a balance  between  colonization  and  extinction,  then 
larger  plants  have  more  species  associated  with  them  because  they  have  a 
reduced  extinction  rate.  As  Lawton  (1983)  reports,  very  few  experiments 
are  available  demonstrating  the  effect  of  size  on  species  richness 
because  size  and  resource  diversity  are  often  positively  correlated  and 
it  is  difficult  to  discern  the  contributions  of  each  one  to  the  faunal 
diversity.  The  resource  diversity  hypothesis  states  that  plants  that 
have  more  feeding,  resting,  breeding,  overwintering  and  hiding  places 
available  support  more  insect  species  than  plants  with  fewer  resources. 
Plants  with  greater  diversity  in  their  basic  feeding  sites  are  likely  to 
be  more  insect  species-rich,  at  least  in  part  because  most  Insects  are 
specialized  in  their  host  choices.  Lack  of  a particular  structure,  for 
Instance  the  absence  of  flowers  and  fruits  on  ferns,  exclude  specialized 
herbivores  (Lawton,  1983).  Other  resources  such  as  shelter,  oviposition 
and  overwintering  sites  and  a place  to  hide  from  natural  enemies  are  also 
important  requirements  for  phytophagous  Insects.  These  resources  are 
more  available  on  more  architecturally  complex  plants,  such  as  trees  and 
shrubs  than  on  simple  ones,  such  as  herbs.  Trees  and  shrubs  have 
available  a variation  in  microclimate,  foliage  chemistry  and  toughness, 
permitting  a zonation  of  herbivores  either  vertically,  on  mature  plants. 


or  horizontally)  across  plants  of  different  ages.  Other  factors  to  be 
considered  on  availability  of  resources  are  the  seasonal  changes  in  the 
general  palatability  of  the  foliage  and  stem  (chemistry,  toughness,  etc.) 
that  might  cause  a turnover  of  seasonal  specialist  insects.  Plant 
species  with  large  seasonal  changes  in  their  palatability  should  be 
attacked  by  a greater  variety  of  insects  than  other  plant  species  which 
show  less  change. 

Due  to  great  variability  in  the  ways  plants  differ  as  resources 
available  to  herbivores,  it  seems  that  resource  diversity  is  the  major 
contributor  to  the  patterns  of  insect  diversity.  But,  as  noted  before, 
resource  diversity  varies  in  parallel  with  size,  and  one  can  hardly  be 
excluded  from  the  other. 

There  is  evidence,  besides  that  already  cited,  of  the  influence  of 
plant  architecture  on  the  diversity  of  phytophagous  insects  that  is 
consistent  with  one,  or  another,  or  both  hypothesis  discussed  above. 
Murdoch  et  al.  (1972)  sampled  plants  and  Homoptera  in  three  old  fields  in 
southeast  Michigan.  They  found  that  Insect  diversity  was  highly 
correlated  with  the  foliage  height  diversity  over  all  three  fields.  The 
species  richness  of  microlepidoptera  on  Finnish  trees  and  shrubs  is 
explained  by  the  frequency  of  the  host  plant,  number  of  relatives,  plant 
height  and  leaf  size  (Neuvonen  and  Niemela,  1981).  Cucumber  plants 
growing  vertically  supported  a greater  number  of  the  chrysomelid  beetle, 
Acalymma  vittata  (Fab.),  than  plants  growing  horizontally  (Bach,  1981). 
Among  the  two  main  grasses  in  the  New  Jersey  tidal  salt  marshes.  Spartina 
patens  (Ait.)  Muhl.  forms  a dense  and  persistent  thatch,  while  Spartina 
alterniflora  Lois  produces  only  a loose  lattice  of  litter  which  rapidly 
decomposes.  Studies  have  determined  that  the  thatch  of  the  S.  patens 


population  Is  responsible  for  the  larger  assemblage  of  sap-feeding 


Insects  on  this  species  than  on  S_.  alterni flora  (Denno,  1977).  In 
another  study,  Tallamy  and  Denno  (1979)  compared  the  structurally  simple 
grass,  Spartina  alterni flora  with  a structurally  complex  one,  Distichilis 
specata  (L-).  They  found  that  £.  specata  exhibited  a richer  and  more 
diverse  community  of  sap-feeders  than  S.  alterniflora.  Species  richness 
of  rolled-leaf  hispine  beetles  in  Central  America  is  correlated  with  host 
species  range,  size,  and  diversity  (Strong,  1977).  Woody  bushes  and 
shrubs  in  Europe  support  more  species  of  herbivore  Insects  than  perennial 
herbs  of  the  genus  Cynareae.  Individual  species  of  British  trees  are 
attacked,  on  average,  by  more  species  of  microlepidoptera  than  are  shrubs 
and  both  are  attacked  more  than  herbs  (Price,  1977). 

The  effect  of  seasonal  changes  on  resource  availability  was  noted  by 
Cameron  (1972),  Thompson  and  Price  (1977)  and  Thompson  (1978).  In  each 
case,  additional  species  enter  the  system  to  utilize  the  resources  that 
are  added  to  the  plant  as  the  season  progresses.  Effects  of  plant 
architecture  are  not  just  apparent  in  gross  comparisons  between  major 
growth  forms  and  taxa.  It  can  also  be  detected  among  closely  related 
groups  of  species.  Plant  size  and  growth  form  of  plants  of  the  family 
Umbelliferae  within  the  British  Isles  have  a significant  effect  on  the 
number  of  species  of  agroigyzid  leaf  mining  larvae  (Lawton  and  Price, 
1979).  Moran  (1980)  analyzed  the  insect  community  of  28  species  of 
Opuntia,  14  large  and  14  small.  Among  119  species  he  found  a highly 
significant  correlation  between  the  total  number  of  phytophagous  insects 
and  a measure  of  the  overall  architecture  of  their  host  plants.  The 
criteria  used  to  calculate  the  architectural  rating  were  height  of 


cladode,  development  of  woody 


dadode  complexity.  Price  and  Willson  (1979)  showed  that  larger  species 
of  milkweed  in  Illinois  support  more  species  of  specialized  herbivore 

The  positive  relationship  between  species  richness  and  host 
complexity  is  not  universal,  however.  For  example,  the  number  of  cynipid 
gall-wasps  on  large  species  of  North  American  oaks  are  not  notedly  higher 
than  on  small  species  (Cornell  and  Washburn,  1979).  This  may  be  a 
reflection  of  the  difficulty  in  detecting  architectural  effects  within  a 
closely  related  group  of  plants  (Lawton,  1983). 

The  architectural  complexity  of  the  host  plant  may  affect  the  life 
history  strategies  of  Insects.  For  Instance,  Waloff  (1983)  suggested 
that  the  almost  complete  absence  of  flightless  morphs  in  some  groups  of 
temperate  Homoptera  and  Heteroptera  in  arboreal  habitats  (in  contrast 
with  their  low  incidence  in  grasses  and  forbs)  is  related  to  the 
architectural  complexity  of  trees.  Leaves  and  branches  of  a tree  are 
usually  more  widely  spaced  than  those  of  grasses  and  forbs.  Insects  on  a 
tree  have  greater  freedom  of  movement  in  all  three  dimensions  and  the 
retention  of  wings  and  the  ability  to  fly  may  be  more  advantageous  than 
brachyptery.  However,  Dixon  (1984)  discussed  Waloff's  hypothesis  showing 
that  architectural  complexity  of  trees  did  not  favor  fully  winged 
individuals  on  aphid,  although  it  may  have  done  so  in  some  Hemiptera. 

In  temperate  regions,  there  Is  a seasonal  progression  of  the  fauna 
on  a plant.  The  number  of  phytophagous  Insect  species  on  a patch  of 
bracken  increase  gradually,  reaching  a peak  In  late  July  and  early 
August,  with  very  few  being  found  on  the  plant  throughout  the  whole 
season  (Lawton,  1976).  In  a first  analysis  of  these  data,  the  author 
suggested  that  the  variation  in  number  of  species  of  phytophagous  insects 
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was  due  to  a declining  quality  of  bracken  as  food  during  the  growing 
season,  because  during  most  of  the  summer  the  quality  of  protein  In  the 
pinnae  is  considerably  below  that  usually  regarded  as  optimal  for  many 
insects.  At  the  same  time,  there  is  an  increase  in  the  levels  of  tannin, 
lignin  and  silicate.  Lawton's  findings  were  very  similar  to  those  of 
Feeny  (1970)  on  leaves  of  oak  trees,  and  both  authors  agreed  on  the  plant 
chemistry  explanation  for  the  seasonal  variation  in  the  phytophagous 
fauna  of  bracken  and  oak.  However,  Lawton  (1978)  expressed  the  idea  that 
plant  architecture  Instead  of  plant  chemistry  might  better  explain  the 
variation  in  the  number  of  insect  species  throughout  the  year. 

The  Nutritional  Quality  of  Host  Plants 
While  host  range  and  plant  architecture  Influence  the  number  of 
insect  species  on  a plant,  plant  defense  strategies  (including 
nutritional,  chemical,  physical  and  behavioral  mechanisms)  affect  the 
kind  of  Insects  which  cohabit  the  plants.  Less  than  a third  of  the 
terrestrial  arthropods  have  achieved  the  ability  to  feed  on  seed  plants 
(Southwood,  1972),  apparently  because  of  the  difficulties  that 
phytophagous  organisms  face  in  overcoming  plant  defense  mechanisms. 

Plants  are  known  to  produce  allelochemicals  such  as  alkaloids, 
flavenoids,  mustard  oils,  glycosides,  resins  and  tannins  (Erickson,  1973) 
which  affect  growth,  behavior  and  population  dynamics  of  phytophagous 
Insects  (Reese,  1979).  In  the  course  of  their  coevolution  with  the  host. 
Insects  responded  to  these  plants'  defenses  by  evolving  detoxifying 
mechanisms  (Futuyma,  1983).  After  overcoming  this  difficulty, 
phytophagous  insects  still  have  to  face  nutritional  hurdles.  Increased 
research  on  insect  nutritional  ecology  has  revealed  that  host  plants  are 
often  nutritionally  sub-optimal,  and  that  insects  have  evolved 


physiological  and  behavioral  adaptations  to  compensate  for  this 


difficulty  (McNeill  and  Southwood,  1978).  The  nutritional  value  of  a 
host  plant  has  great  Influence  on  the  components  of  an  Insects'  life 
history  strategies  such  as  body  size,  generation  time,  fecundity  and 
dispersal  behavior  (Slansky,  1982).  Basic  nutritional  requirements  of 
phytophagous  insects  are  energy,  nitrogen  and  water  (Scriber  and  Slansky, 
1981).  The  role  of  nitrogen  in  the  herbivores'  diet  was  fully  discussed 
by  McNeil  and  Southwood  (1978)  and  Mattson  (1980).  Slansky  and  Feeny 
(1977)  tested  the  effect  of  varying  nitrogen  content  on  larval  growth  of 
the  cabbage  butterfly,  Pieris  rapae  (L).  They  conpared  the  larval  growth 
on  several  different  plant  species  and  on  plants  of  a single  species  in 
which  the  nitrogen  content  has  been  increased  to  various  levels  by 
chemical  fertilization.  The  results  showed  that  nitrogen  is  in  limiting 
supply  in  all  normal  food  plants  and  that  the  larvae  adjust  their  feeding 
rates  to  maximize  nitrogen  accumulation  rate  and  hence  the  rate  at  which 
they  can  grow  on  a given  host.  Many  other  studies  have  demonstrated 
effects  of  nitrogen  content  of  the  diet  on  growth  and  reproduction  of 
lepidopterous  larvae  (Rodriguez,  1960;  Feeny,  1970;  Southwood,  1972; 
Erickson,  1973,  1975;  Scriber,  1979a,  b;  Scriber  and  Feeny,  1979)  as  well 
as  in  other  insects  (van  Emden,  1966;  Dixon,  1970,  McNeill,  1973; 

Noojahan  and  Chockalingam,  1981)  including  beetles  (Taylor  and  Bordner, 
1968;  Schramm,  1972;  Fox  and  Macauley,  1977).  Paiva  (1977)  studied  the 
effect  of  plant  species  on  fecundity,  longevity  and  weight  of  the  mustard 
beetle  Phaedon  cochleariae  Fabricius.  Best  performance  of  the  beetle  was 
achieved  on  turnip.  Fecundity  was  reduced  on  mustard,  Chinese  cabbage 
and  brussel  sprouts.  At  a given  age,  total  nitrogen  content  of  turnip 


Plants 


seasonal  variation 


chemical  constitution. 


Higher  concentrations  of  nitrogen  (3-7*  of  dry  weight)  occur  in  young  or 
storage  tissues  (such  as  seeds).  Nitrogen  content  declines  gradually 
throughout  the  growing  season  until  senescence,  when  it  drops  sharply 
(0.5-1.5%)(Mattson,  1980).  Nitrogen  content  of  leaves  of  Eriodlctyon 
californicum  (H.  * A.)  was  negatively  correlated  with  leaf  age  and 
decreased  during  the  growing  season  (Johnson  et  al.,  1984).  Feeding  by 
larvae  of  fall  webworm,  Hyphantria  cunea  (Drury),  on  early  spring 
nitrogen-rich  foliage  results  in  greater  development  and  fecundity 
compared  with  insects  feeding  on  late  spring  foliage  (Cates,  1980).  On 
the  contrary,  larvae  of  Hyalophora  cercopia  (L.)  grew  faster  when  fed 
with  low  Instead  of  high  nitrogen  content  leaves  (Schroeder,  1971). 

Augmenting  nitrogen  availability  through  fertilization  Increases 
plant  susceptibility  to  insect  attack  (Scriber,  1984).  Larvae  of  the 
fall  armyworm  Spodoptera  fruqiperda  (J.  E.  Smith)  and  the  corn  earworm 
Heliothis  zea  Boddie  weigh  more,  develop  faster,  and  have  lower  mortality 
when  fed  with  corn  plants  fertilized  with  high  rates  of  nitrogen 
(Wiseman,  1973). 

Besides  the  fact  that  low  moisture  may  cause  substantial  changes  in 
plant  nitrogen  (Mattson,  1980),  and  thus  affect  the  development  of 
phytophagous  organisms,  leaf  water  content  may  directly  Influence  the 
metabolic  costs,  efficiencies  and  growth  rates  of  Lepidoptera  (Reese  and 
Beck,  1978;  Scriber,  1977).  Like  total  nitrogen,  leaf  water  also 
declines  with  age  (Scriber  and  Slansky,  1981).  Leaf  water  content  on 
birch  trees  in  Finland  declines  from  72*  in  June  to  57*  in  August- 
September,  along  with  a decline  in  nitrogen  from  over  3*  to  less  than  1*. 
This  change  in  leaf  water  and  nitrogen  caused  a reduction  in  the 
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assimilation  of  food  efficiency  for  Lepidoptera  from  60  to  10-16% 
(Haukioja  et  al.,  1978). 

From  the  information  above  it  is  expected  that  phytophagous  insects 
would  discriminate  among  different  host  plants,  selecting  the  species 
with  higher  water  and  nitrogen  contents.  Other  factors,  however, 
influence  food  choices  of  a particular  insect.  Hardness  of  the  leaves 
(Iheagwam,  1981),  host  finding  and  synchronization,  and  natural  enemies 
(Southwood,  1972)  are  hurdles  that  also  have  to  be  considered  in  the 
selection  of  a particular  host. 


HATER IAL  AND  METHODS 


Insect  Community  of  Goldenrods 

The  insect  fauna  of  goldenrod  was  surveyed  for  four  consecutive 
years  in  Gainesville,  Florida.  The  collections  started  in  June  of  1981, 
stopped  during  the  winter  and  resumed  again  in  April  of  1982.  In  the 
first  year,  surveys  were  made  on  goldenrod  populations  in  the  Gainesville 
area  that  were  large  enough  to  be  spotted  from  a car.  In  1982,  16  of 
these  populations  were  selected  of  which  two  were  surveyed  each  a week. 

The  following  goldenrod  species  were  found:  Solidago  canadensis 
var.  scabra  (Muhl),  £.  fistulosa  Miller,  !>.  qigantea  Aiton  and 
leavenworthii  T.  I G.  £.  canadensis  var.  scabra  is  far  more  common  than 
the  other  species  (11  of  the  16  populations)  and  is  found  on  banks, 
roadsides  and  clearings  in  woody  areas.  S.  fistulosa  is  the  second  most 
common  species.  It  occurs  in  old  abandoned  fields  forming  large  stands 
sometimes  mixed  with  blackberries.  Only  one  small  stand  of  S.  qigantea 
was  found  on  a poorly  drained  roadside.  S.  leavenworthii  is  scarce  and 
usually  mixed  with  many  other  weeds.  The  population  used  for  this  study 
occurs  on  a small  bank,  in  a very  disturbed  area.  All  four  species 
started  to  grow  in  March  but  they  vary  in  flowering  times.  S. 
leavenworthii  and  S.  qigantea  flower  late  in  August;  S.  fistulosa  blooms 
in  middle  September  and  S.  canadensis  var.  scabra  in  late  September. 

From  1981  to  1983  the  goldenrod  stands  were  completely  dead  by  the 
beginning  of  December. 

In  1983,  three  populations  of  S.  canadensis  and  two  of  S.  fistulosa 
were  selected,  and  together  with  the  populations  of  S.  qi qantea  and  S. 


leavenworthii 


standardized  survey 


these  seven  populations  during  four  periods  of  the  growing  season:  early 
(May),  middle  (July),  before  blooming  (+  10  days)(August  or  early 
Sepember)  and  just  after  blooming  (late  September  or  early  October). 
Collections  in  1984  were  made  only  on  S.  canadensis  var.  scabra  and  S. 
leavenworthii  (see  below). 

The  insects  and  plants  were  identified  by  specialists  from  the 
University  of  Florida,  Department  of  Agriculture  and  Consumer  Services 
and  the  USDA  Systematic  Entomology  Laboratory,  c/o  U.S.  National  Museum. 
Adult  voucher  specimens  were  placed  in  the  Florida  State  Collection  of 
Arthropods,  excluding  three  species  of  Coccinellidae  that  were  retained 
by  Or.  R.  E.  Waites.  The  immature  voucher  specimens  were  placed  in  the 
immature  insect  collection  of  the  Department  of  Entomology  and 
Nematology,  maintained  by  Dr.  D.  H.  Habeck. 

A phytophagous  species  was  considered  common  if  it  was  present  in  at 
least  50*  of  the  collections.  Occasional  species  were  those  collected  in 
15  to  50*  of  the  samples  and  rare  if  present  in  less  than  15*  of  the 
samples.  Insects  collected  only  once  during  the  four  years  were 
excluded,  as  well  as  those  collected  often  but  known  to  be  incidental  and 
associated  with  other  plants  such  as  Trirhabda  bacharidis  Weber.  Those 
species  that  fed  only  on  Sol Ida go  and  Aster  were  considered  monophagous. 
Those  whose  host  range  Included  plants  belonging  to  families  other  than 
Compositae  were  considered  polyphagous. 

Among  the  beneficial  insects,  common  species  were  collected  In  at 
least  in  50*  of  the  samples.  Those  present  more  than  once  in  a given 
plant  species  sample  were  occasional  and  those 


collected  only 
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Host  Suitability  of  Solldaqo  species  for 
Uphraella  Integra  (LeConte) 

Larva  and  Adult  Performance 

This  experiment  was  done  in  two  consecutive  years.  In  the  first 
year  the  larvae  used  were  the  offspring  of  males  and  females  collected  in 
the  field  which  were  fed  a different  species  of  goldenrod  each  two  days. 
In  the  second  year  adults  were  fed  only  with  the  plant  species  on  which 
they  were  collected. 

Each  treatment  had  30  replications  in  the  first  year  and  40  in  the 
second  year.  These  consisted  of  one  newly  hatched  larva  put  in  a small, 
transparent  1 ounce  plastic  cup  containing  a mixture  of  agar  with 
fungicide  and  bactericide  in  the  bottom.  Four  treatments  were  run,  one 
for  each  of  the  goldenrod  species.  The  larvae  were  fed  twice  a week  with 
young  fresh  leaves  of  one  of  the  plant  species.  In  the  second  year's 
experiment  they  were  given  the  same  kind  of  food  as  their  parents.  Since 
females  were  not  collected  on  S.  leavenworthii  until  late  In  the  season, 
larvae  for  this  treatment  were  obtained  from  eggs  of  females  collected  on 
S.  fistulosa.  The  cups  were  maintained  in  an  environmental  chamber  at 
about  27°C  and  60%  humidity.  When  the  prepupae  started  to  spin  cocoons, 
daily  checks  were  made  and  date  of  pupation  and  adult  emergence  were 

Newly  emerged  adults  were  weighed  on  a Mettler  balance  and  were  then 
fed  with  the  same  plant  species  on  which  they  had  been  reared.  Beetles 
were  sexed  three  or  four  days  after  emergence,  when  the  females 's  abdomen 
became  fully  developed  and  the  males  could  be  easily  distinguished  from 
them.  After  being  sexed,  one  male  and  one  female,  both  from  the  same 
treatment,  were  put  together  in  a small  plastic  cup  with  agar  and  fed 
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with  their  original  plant  species.  The  age  at  first  egg  laying,  the 
number  of  eggs  laid  per  day,  the  number  of  days  the  female  laid  eggs  and 
the  life  span  of  males  and  females  were  recorded  from  this  second  set  of 
experiments. 

Feeding  and  Qviposition  Preference 

Female  choice  of  host  species  for  oviposition  was  tested  in  a 
cylindrical  cage,  26  cm  high  and  24  cm  diameter.  Small  vials  containing 
water  were  stuck  to  the  bottom  of  the  cage,  equally  spaced  from  each 
other.  Fresh,  equal  sized  stems  of  the  four  species  of  Soli  dago  were 
placed  one  in  each  vial.  One  male  and  one  female  of  0.  inteqra  were 
released  in  the  center  of  the  cage  which  was  sprayed  with  water  and  then 
completely  covered  with  a plastic  bag  to  maintain  plant  turgor.  Plant 
species  position  inside  the  cages  and  the  position  of  cages  inside  the 
environmental  chamber  were  rotated.  The  temperature  inside  the  chamber 
was  maintained  at  27°C,  60%  humidity  and  14  hours  1 i ght : 10  hours  dark 
photoperiod.  The  cages  were  checked  after  24  hours.  The  plant  species 
on  which  eggs  were  laid,  the  number  of  eggs,  and  the  plant  species  on 
which  male  and  female  were  feeding  were  recorded.  This  experiment  had 
four  treatments  one  for  each  of  the  four  goldenrod  species  on  which  the 
beetles  were  reared.  The  number  of  replications  was  variable  due  to  the 
reduced  availability  of  adults  reared  on  S.  qi gantea  and  £. 
leavenworthii. 

Host  Suitability  of  Solidago  species 
for  Sparganothis  distincta  (Walsinqham) 
larval  and  Adult  Performance 

The  experiment  to  measure  larval  performance  consisted  of  one  newly 
hatched  larva  put  in  a small,  transparent  plastic  cup  containing  a 


fungicide  and  bactericide  (described  earlier). 


larvae  were  the  offspring  of  males  and  females  reared  on  S.  qiqantea. 

Four  treatments  with  30  replications  were  run.  In  each  treatment,  fresh, 
young  leaves  were  provided  every  two  days  to  the  larva.  The  cups  were 
maintained  in  an  environmental  chamber  at  27'*C,  60S  humidity  and  14  hours 
1 ight: 10  hours  dark  photoperiod.  When  the  last  Instar  larvae  became 
prepupae,  dally  checks  were  made.  Newly  molted  pupae  were  weighed  within 
24  hrs  of  pupation  on  a Mettler  balance. 

The  adults  were  sexed  and  one  male  and  one  female,  both  from  the 
same  treatment  were  put  in  a gallon  site  ice  cream  carton  covered  with 
transparent  plastic.  Food  was  provided  by  a cotton  ball  soaked  with  30S 
sugar  solution.  A water-filled  bottle  was  placed  in  the  center  of  the 
carton.  One  fresh  stem  of  the  plant  species  on  which  the  male  and  the 
female  were  reared  was  placed  inside  the  bottle  to  provide  oviposition 
sites.  Adult  performance  was  measured  by  recording  the  number  of  eggs 
laid  per  female  and  the  life  span  of  males  and  females. 

Life  Cycle  of  Ophraella  1 ntegra  and  Sparqanothis  distincta 

Information  on  the  life  cycle  of  0.  Integra  and  S.  distincta  was 
obtained  from  field  observations  and  laboratory  experiments.  Mature 
larvae  were  collected  and  reared  to  adults  in  the  laboratory.  Young 
leaves  of  one  of  the  goldenrod  species  were  provided  two  or  three  times  a 
week.  Females  were  allowed  to  mate  and  lay  eggs  following  the  procedures 
described  previously.  When  the  eggs  hatched  the  larvae  were  isolated  in 
1 ounce  clear  plastic  cups  with  agar  mixture.  Ten  replications  for  each 
plant  species  were  run.  The  duration  of  each  larval  instar  was 
determined  by  checking  the  cups  daily  looking  for  larval  skins  and  head 
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capsules.  The  duration  of  the  pupa)  stage  and  adult  life  span  were  also 
recorded. 

Water  and  Nitrogen  Contents 

The  nutritional  value  of  the  food  plant  was  determined  based  on  the 
water  and  nitrogen  content  of  the  leaves  of  each  host  plant.  Samples  of 
leaves  taken  from  plants  collected  twice  a week  to  feed  the  insects  were 
weighed  on  a Mettler  balance  and  dried  for  three  days  at  70°C.  The 
samples  consisted  of  about  16  mg  of  young  leaves  excised  from  each  of  the 
plant  species.  The  procedure  was  repeated  for  five  weeks,  giving  a total 
of  10  samples.  The  water  content  of  the  food  plant  was  determined  by  the 
difference  in  weight  between  fresh  and  dried  leaves.  Total  nitrogen  of 
the  same  leaves  was  determined  by  a MicroKjeldahl  technique  (Nelson  and 
Sommers.  1970)  and  was  expressed  as  * of  dry  weight. 

Plant  Architecture  and  Insect  Oiversitv 
The  four  plant  species  were  measured  in  1983  and  1984  to  obtain  an 
estimate  of  their  architectural  complexity.  The  three  populations  of  S. 
canadensis  var.  scabra  measured  were  located  on  the  border  of  woods.  Two 
of  them  (8.  P.  East  and  8.  P.  West)  were  in  a small  ditch  on  a roadside 
and  the  other  one  (Rocky  P.)  in  an  abandoned  field  along  a roadside.  The 
plant  stands  were  of  approximately  the  same  size,  the  largest  was  about 
3S  m*.  fistulosa  was  measured  in  two  locations.  In  one  of  them  (U.S. 
441)  the  goldenrod  stand  formed  a strip  adjacent  to  a weedy  field 
dominated  by  grasses  and  ferns.  The  soil  was  wet  and  sandy.  This 
population  was  mowed  before  the  study  was  completed.  At  the  other 
location  (SW  16  Ave.)  S.  fistulosa  Invaded  a large,  abandoned  field  of 
about  60  m on  a roadside.  The  population  of  S.  gi gantea  (Wacahoota  Rd) 
was  described  previously.  It  occupied  an  area  of  about  20  m!  on  the 
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border  of  a large  weedy  field  (mainly  Eupatorium,  Ambrosia  and  some 
species  of  Leguminosae).  leavenwortbii  had  the  smallest  population  of 
all  (Archer  Rd)  and  has  also  already  been  described.  Small  patches  of 
plants  were  scattered  among  other  weeds.  The  whole  area  covered  about  18 


The  density  of  plants  in  the  different  populations  of  each  of  the 
four  plant  species  is  shown  in  Table  1. 

In  1983  measurements  were  made  on  four  growing  stages,  as  explained 
before:  May,  July,  September  and  October.  Architectural  differences 
were  considerable  only  between  S.  canadensis  var.  scabra  and  S. 
leavenworthii ■ The  measurements  were  then  repeated  on  these  two  species 
in  1984.  Since  the  plants  did  not  present  significant  changes  between 


Table  1.  Average  densities  of  plants  (no.  of  stems/rf ) 
in  the  7 populations  of  Soli  ago  spp. 


Plant  Species  Location 


£.  canadensis 

I[.  fistulosa 

gigantea 
S.  leavenworthii 


U.S.  441 
SH  16  Ave. 

Wacahoota  Rd. 
Archer  Rd. 


No.  of  Stems/m2 


78 

103 

70 

72 


121 


September  and  October,  only  one  measurement  was  made  between  these  two 
dates  in  1984.  Thus  the  plants  were  measured  in  May,  July  and  late 


September. 
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Each  sample  consisted  of  40  middle  sized  plants  collected  by  cutting 
the  stem  at  the  soil  line.  The  following  measurements  were  taken  from 
each  plant:  height,  number  of  leaves,  leaf  area,  and  number  and  size  of 
flowering  stalks,  if  present.  All  leaves  potentially  available  as  a 
source  of  food  for  phytophagous  Insects  were  counted,  except  for  the 
modified  leaves  of  the  inflorescence.  The  leaf  area  of  each  plant  was 
determined  by  averaging  the  areas  of  ten  leaves,  measured  with  a leaf 


RESULTS 


DISCUSSION 


The  Insect  Community  of  Goldenrods 
The  Phytophagous  Fauna 

Eight  orders,  43  families  and  126  species  of  phytophagous  insects 
were  found  associated  with  Solidago  spp.  in  Gainesville.  Of  the  126 
species,  62  (49%)  breed  on  this  plant.  The  cercopid  Lepyronia 
quadranqularis  (Say),  the  cicadellid  Osbornellus  clarus  Beamer  and  the 
delphacid  Plssonotus  marginatus  Van  Duzee  were  new  Alachua  County 
records,  and  the  gracilariid  Cremastobombycia  solidaglnis  Frey  and  Boll. 

Of  the  123  phytophagous  insect  species  associated  with  goldenrod  in 
Gainesville,  15  feed  only  on  Solidago  or  on  Solidago  and  Aster,  seven 
also  feed  on  other  plants  of  the  family  Compositae,  and  95  are 
polyphagous,  i.e.,  feed  on  a variety  of  plants  from  different  families. 
Fig.  1 shows  a schematic  drawing  of  S.  fistulosa  and  the  number  of 
phytophagous  Insects  in  each  order  feeding  on  the  different  parts  of  the 
plant.  The  great  majority  of  the  polyphagous  insects  are  sapsuckers  from 
the  order  Homoptera  (34)  and  Hemiptera  (24),  collected  from  leaves,  stems 
and  flowers.  The  cicadellids  were  the  most  represented  group  with  14 
species,  six  of  which  were  common.  The  pentatomids  were  represented  by 
seven  species,  mirids  by  six  and  lygaeids  by  five.  Two  mirids,  Lygus 
lineolaris  (Pal.  de  Beau.),  Taylorlliqus  pallidulus  (Blanchard),  and 
three  pentatomids,  Euschistus  servus  (Say),  Nezara  viridula  (L.)  and 
Petal  us  pugnax  (F.)  are  of  economic  importance.  Lygus  lineolaris.  the 
tarnished  plant  bug,  occurs  on  a great  variety  of  wild  and  cultivated 
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Figure  X.  Schematic  drawing  of  a Soli dago  plant  and  the  number  of 
phytophagous  insect  species  in  each  order  feeding  on  the 
different  parts  of  the  plant. 


Table  2.  Phytophagous 


fauna  of  Sol idaqo  spp. 


Gainesville. 


Table  2,  continued 


: plcumnus  (Herbst ) 

~ 

nutpluaustasalis  LeC. 
t'acnnaeus  opalus  (01  i ver) 
lanymecus  ‘lacaena  (Hbsc. )" 


Elaterldae 

Conoderus  Hvidus  (Da  Gear) 


Hordallidae 

Pnalacridae 

Scarabaaldae 

Tri ^onopel tastes  delta 


Cymonlaus  nntabllls  (Distant) 
ucrlmius  inimulus  IStal ) 
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Table  2,  continued 


Kenfiracldae 


^P>5si5t1lus  festlnus  (Say) 
PsylUdae 


TM cnotapne  f lavocastel 1 a 
Trleftotaohe  inserrata  {Mai 
GeoiMCrldae 


Noctuldae 

Schinla  nundina  (Drury) 
Pterophoridae 

Oidaenatophorus  fcelllcottti 


Table  2,  continued 


Tortrlcldae 


Gryliidae 


Oecanebus  ceierlnictus  Walker 
urocftarl 5 luteollra~Walker 
Tettlgonitdae 

Belocephalus  subapterus 
scudder 

Odontokiphldlum  apterum  Morse 

THYSANOPTERA 

Phlaeotbrlptdae 

Thrlpldae 


Table  2,  continued 


Ly  ■ leaves;  St  ■ stem:  FI  ■ flowers;  Ro  ■ roots 


cn  • crewing;  Ga  • gallmaker;  Nt  - miner;  Bo  ■ borer;  Ss  ■ sucking;  Lt  ■ teaftler 
e Sc  ■ Sol.ldago  canadensis;  Sf  ■ S.  fistulosa;  Sg  ■ S.  oloantea:  SI  • S.  leavenwortnii 

tharTconpositte  Co^os  lue ; ^V^PofJphagous : 1 tes"ottier 


plants.  It  feeds  on  the  tender  growing  or  fruiting  parts  causing  serious 
damage  to  crops  (Borror  et  al.,  1976;  Metcalf  and  Flint,  1951).  Adults 
of  this  Insect  were  collected  from  May  to  October  on  three  of  the  four 
species  of  goldenrod:  S.  fistulosa,  S.  qiqantea  and  S.  canadensis. 
Taylorilygus  pallidulus  attacks  a variety  of  wild  plants.  When  abundant, 
this  species  can  be  a pest  of  ornamentals  (F.  W.  Mead,  personal 
communtication).  It  feeds  and  breeds  on  all  four  species  of  goldenrod 
studied  and  is  very  common  throughout  the  year.  Among  the  pentatomids, 
the  southern  green  stink  bug,  Nezara  viridula,  is  the  most  significant, 
since  it  is  an  important  pest  of  soybeans  and  other  crops.  It  feeds 
mainly  on  leguminosae  (Todd  and  Herzog,  1980),  but  it  was  found  feeding 
and  breeding  from  May  to  July  on  three  of  the  four  species  of  goldenrods. 

Most  of  the  plant  chewers  were  also  polyphagous.  Of  12  species  of 
chrysomelld,  only  Ophraella  Integra  (LeC.)  is  restricted  to  Soli  dago  and 
Systena  elongata  Fab.,  which  was  rare  and  collected  only  on  S. 
leayenworthii,  feeds  on  plants  of  the  family  Compositae.  Diabrotica 
undeciropunctata  howardi  Barber,  the  spotted  cucumber  beetle,  was  the  only 
economic  species  among  the  chrysomelids.  Adults  were  collected  a few 
times  on  the  leaves  of  S.  canadensis  and  S.  fistulosa. 

Polyphagy  in  Lepidoptera  was  restricted  to  the  three  geometrids  and 
two  of  the  tortricids.  All  species  of  Orthoptera  collected  are 
polyphagous. 

Among  the  Insects  feeding  on  Solidaqo  spp.  and  other  Compositae,  the 
tingid  Corytucha  marmorata  (Uhler)  and  the  pterophorid  borer 
Oi daematophorous  kellicottii  (Fish)  were  collected  on  the  four  goldenrod 
species.  C.  marmorata  was  very  abundant  and  eggs,  nymphs  and  adults  were 
found  on  the  plant  throughout  the  growing  season.  0.  kellicottii  was 
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also  common.  The  eggs  of  this  moth  are  laid  on  the  growing  tip  of  young 
goldenrod  plants.  The  new  larva  bores  downward  into  the  soft,  new  stem. 
Before  reaching  what  is  apparently  the  third  instar  it  leaves  the  upper 
part  of  the  plant  stem  through  a lateral  hole  and  moves  down  to  the 
mature,  wider  stem.  It  makes  another  hole  ca  10  cm  above  the  ground  and 
bores  downward  to  the  roots.  The  larvae  pupates  inside  the  stem,  close 
to  the  entering  hole,  through  which  the  newly  emerged  adult  leaves  the 
plant.  The  upper  part  of  the  plant,  where  the  young  larva  bored,  wilts 
and  dies.  Infested  plants  can  be  recognized  by  the  dried  tips.  Young 
larvae  are  collected  on  the  plant  in  Hay  and  mature  ones  can  be  found  as 
late  as  October.  This  is  a good  indication  that  more  than  one  generation 
Is  Involved. 

The  other  two  composite  feeders  commonly  found  were  the  gelechiids 
Trichotaphe  flavocostella  (Chambers)  and  X*  inserrata  Walsh.  These 
species  cause  considerable  damage  to  the  goldenrods.  The  former  is  a 
leaftier  and  the  latter  bores  inside  the  growing  tip,  interrupting  the 
terminal  growth  of  the  plant. 

Most  of  the  species  restricted  to  the  genus  Soli  dago  were 
endophagous:  nine  make  galls  on  leaves,  flowers,  stem  and  roots,  and 
four  are  leaf  miners.  The  others  are  a seed  feeder,  Shinia  nundina 
(Drury),  a sapsucker,  Claspedolepta  veazei  (Patch),  a leaftier, 
Sparganothis  distincta  (Walsingham),  and  a leaf  chewer,  Ophraella  Integra 
(LeC . ) . The  latter  two  insects  will  be  the  subject  of  following 
chapters.  The  others  will  be  discussed  here.  The  annual  distribution  of 


specific  insects  is  shown  in  Figure  2. 


Figure  2.  Annual  distribution  of  the  feeding  stages  of  the  most  comon 
insects  specific  to  Solidago  spp.  in  Gainesville.  Dashed  line 
on  the  end  of  the  bars  indicated  that  life  cycle  is  not  known. 
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The  black  or  white  leaf  blister  galls  of  Asteromyia  carbonifera 
(Osten  Sacken)(Fig.  3.1)  were  frequently  present  on  the  four  species  of 
goldenrod  during  the  four  years  of  collection.  The  number  of  galls  per 
leaf  is  variable,  from  one  to  several,  sometimes  covering  the  whole  leaf 
blade.  The  relationship  between  A.  carbonifera  and  the  fungus  that 
inhabits  its  gall  was  discussed  by  Batra  (1964).  The  galls  are  the 
result  of  both  fungus  and  insect  activity.  It  appears  that  A. 
carbonifera  associates  with  leaves  of  goldenrod  already  Infected  by  the 
fungus  Sclerotium  asteris  (Schw.).  Two  or  three  larvae  of  the  midge 
develop  between  layers  of  this  fungus  that  forms  a stroma  on  either  side 
of  the  larval  chamber.  Weis  (198?)  showed  that  the  formation  of  the 
stroma  constitute  an  Important  mechanism  of  protection  against  attack  of 
the  parasite  Torymus  capite  (Huber).  In  Gainesville,  the  gall  midge 
larvae  were  frequently  parasitized  by  Tetrastichus  sp . 1,  T.  homeri 
(Girault),  and  T.  tesserus  8urks.  of  the  family  Eulophidae. 

Another  leaf  blister  gall  found  occasionally  on  the  leaves  of  the 
goldenrod  species  studied  is  made  by  a midge  identified  as  Asteromyla  sp. 
nr.  carbonifera  (Osten  Sacken).  The  galls  are  greenish,  circular,  often 
surrounded  by  a purplish  necrotic  area  in  the  leaf  (Fig.  3.7).  They  were 
heavily  parasitized  by  Anastatus  sp.  (probably),  of  the  family  Mymaridae. 

Asphondylia  monacha  Osten  Sacken  makes  a gall  in  developing  buds. 

It  establishes  itself  between  the  surface  of  the  leaves  while  they  are 
still  in  the  bud  and  as  a result  of  the  insect  action  the  adjacent 
tissues  form  an  oval  cell  between  the  two  surfaces.  The  leaves  continue 
their  normal  development  but  grow  attached  to  each  other  at  the  point 
where  the  gall  developed  (Fig.  3.2).  A common  parasite  of  these  species 
was  Galeopsomyia  haemon  (Walker),  of  the  family  Eulophidae. 


Figure  3.  Goldenrod  galls  in  Gainesville:  1,  blister  leaf  galls 
of  Asteromyia  carbonifera;  2,  leaf  qall  of  Asohondvlia 
monachal  3.  stem  oalls  of  Rhopalomyia  new  sp. ; 4,  flower 
galls  of  Schizomvia  racemicola;  5.  root  galls  of  Euros ta 
prob.  comma;  6,  stem  gall  of  Gnorimoschema  gallaesol idaqini 
7,  leaf  gall  of  Asteromyia  sp.  nr.  carbonifera;  8,  bud  gall 
of  Rhopalomyia  solidaglnis. 
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Similar  damage  is  caused  by  the  midge  Dasineura  sp.  on  the  four 
species  of  goldenrod,  although  only  the  injury  on  the  developing,  opposed 
leaves  of  the  growing  bud  was  observed.  No  adult  was  reared  from  the 
reddish  larvae,  thus  the  species  could  not  be  determined. 

Rhopalomyia  solidaqinis  is  another  gall  midge  that  attacks  the  buds, 
transforming  them  into  globular  masses  of  deformed  leaflets  (Fig.  3.8). 

In  the  center  of  the  mass,  a cylindrical  chamber  with  tapered  apex 
shelters  the  yellowish  larva.  This  gall  was  seen  only  occasionally  on 
all  goldenrod  species  but  S.  canadensis.  It  was  also  parasitized  by  G. 
haemon. 

The  larva  of  Rhopalomyia  new  sp.  develops  Inside  individual  globular 
galls  with  a tapered  apex.  These  galls  develop  together  forming  an 
agglomeration  on  the  stem  (Fig.  3.3).  Rhopalomyia  sp.  was  collected 
occasionally,  only  on  S.  fistulosa.  The  parasitic  wasp  Torymus  sp.  nr. 
duplicatus  (Hubner),  probably  a new  species,  was  reared  several  times 
from  this  gall. 

The  only  flower  gall  observed  in  this  study  was  made  by  the  midge 
Schizomvia  racemicola  (Osten  Sacken).  It  produced  a rounded  gall  with 
tapered  apex,  frequently  reddish,  on  the  racemes  of  S.  canadensis  and  S. 
fistulosa  (Fig.  3.4)  The  larvae  are  orange-red,  and  they  leave  the  gall 
when  disturbed. 

The  conspicuous  galls  of  Gnorimoschema  qallaesolldaqinis  Riley  were 
occasionally  seen  on  the  stems  of  S.  fistulosa  and  S.  giqantea  in 
Gainesville  (Fig.  3.6).  A complete  description  of  the  biology  of  this 
insect  is  given  by  Leiby  (1922).  It  is  widely  distributed  and  has  also 
been  reported  from  S.  canadensis.  S.  memoralis  and  S.  serotina.  Fully 
grown  galls  are  found  from  July  on  through  the  winter  in 


Gainesville.  In 
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North  Carolina  this  insect  hibernates  in  the  egg  stage  (leiby,  1922),  but 
in  Florida  it  apparently  overwinters  as  pupae  inside  the  gall.  Two 
adults  reared  from  screened  galls  emerged  in  February,  just  when 
goldenrod  seedlings  were  ready  to  come  up.  No  parasites  were  reared  from 
this  gall. 

The  last  and  rarest  gall  collected  is  made  on  the  roots  by  Eurosta 
proh.  comma  (Wied.).  The  large  white  maggot  develops  inside  an 
ellyptical,  potato-like  gall  on  the  rhizomes  of  Solidago  fistulosa  (Fig. 
3.5).  No  adults  of  this  species  were  obtained. 

The  leaf  mines  of  the  Gracilariidae  moth,  Cremastobombycia 
solidaoinis  Frey  and  Boll,  (previously  placed  on  the  genus 
lithocolletis).  where  very  common  on  the  underside  of  leaves  of  S. 
canadensis.  S.  fistulosa,  and  S.  qiqantea.  They  were  found  from  early 
Hay  to  early  October  in  Gainesville.  The  tiny  larva  made  an  irregular, 
roundish  blotch,  usually  centered,  on  the  underside  of  the  leaves.  As 
the  larva  grew  the  mine  became  elongate.  By  pupation,  the  leaf  was 
folded  in  the  damaged  region  and  the  mine  became  wrinkled.  The  elongate, 
white  cocoon  in  which  the  larva  pupated  was  suspended  inside  the  fold  by 
silken  threads.  This  is  a common  species  in  the  United  States  (Braun, 
1908). 

Bucculatrix  solidaginiella  is  a lyonetid  moth  whose  larvae  feed  in 
the  growing  tips  or  mine  the  leaves  of  various  species  of  Solidago 
(Braun,  1963).  Only  pupae  and  adults  of  this  species  have  been  collected 
in  this  study,  on  the  leaves  of  Solidago  canadensis. 

The  bright,  yellowish  larvae  of  Schlnia  nundina  Drury  (Noctuidae) 
were  well  concealed  on  the  flower  heads  of  S.  fistulosa.  where  they  fed 
occur  from  late  July  to  late 


i.  Adults  of  this  species 


September  in  central  and  eastern  U.S.  (Forbes,  1948).  In  this  study,  no 
adults  were  collected  and  the  larvae  were  observed  in  October  and  early 
November. 

The  jumping  plant-lice  Craspedoleptera  veazei  (Patch)  has  been 
reported  from  Soiiaqo  sp.  (Caldwell,  1938)  and  Aster  (Crawford,  1914). 

In  Gainesville,  adults  were  occasionally  collected  on  leaves  of  S. 
fistulosa  and  S.  qigantea.  from  July  to  November. 

The  Beneficial  Fauna 

The  beneficial  fauna  associated  with  goldenrods  in  Gainesville  were 
represented  by  127  species  of  entomophagous  arthropods  and  30  species  of 
pollinators  (Table  3).  Among  the  entomophagous  species,  64*  were 
predators,  including  two  species  of  fungus  feeders,  and  36*  were 
parasitoids.  The  81  species  of  predators  were  distributed  among  eight 
orders  and  20  families  of  Insects,  eight  families  of  spiders  and  one 
family  of  Opiliones.  The  spiders  represented  54*  of  the  predators,  but 
20  of  the  44  species  were  rare,  i.e,  collected  only  once  in  three  years 
of  study.  The  population  of  the  common  spiders  (collected  at  least  in 
50*  of  the  samples)  and  of  the  occasional  ones  (present  more  than  once  in 
a given  plant  species)  fluctuated  during  the  year,  with  14  species 
present  the  whole  season,  five  species  present  only  in  spring  (April  to 
July),  and  five  species  restricted  to  the  blooming  season  (July  to 
October).  Sixteen  of  these  spiders  bred  on  goldenrod.  The  green  lynx, 
Peucetia  viridans  (Hentz)  was  the  most  abundant  spider  throughout  the 
year,  collected  from  April  to  November  on  all  four  species  of  goldenrod 
studied.  This  species  breed  late  in  the  season,  when  goldenrods  were 
blooming.  In  1982,  it  was  so  abundant  in  one  population  of  Soli  dago 
fistulosa  that  almost  every  plant  had  one  green  lynx  attending  its  egg 
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Table  3,  continued 


Syrphidae 

Syrphidae  sp.  1 


Tachinidae 


lactucae  (aphids) 


COLEOPTERA 

Cantharidae 


Cocci nellidae 


Table  3,  continued 


laopyridae 
Pyopyga  sp. 
lathrldlfdae 


HEMPTTRA 
Antnocorldae 
Cardiastethus  a* 


lygaeidae 

Geo co ris  punctipes  (Say) 


Insects  on  flowers 


Phymatidae 


Table  3,  continued 


flhopalldae 

Arnyssus  lateralis  (Say) 


T.  flavocostelli 
(gefecHTTdl 


Table  3,  continued 


Braconidae 


Glyptaoanteles  sp 
Hacroccntms  sp. 


PseudaoanteTes  sp 


Chalcidldae 

Spilcclialcls  nr.  aiacMs  Burts 

Colletidae 
Colletes  sp. 


Encyrtldae 
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3,  continued 


Hegachilidae 


Lepldoptera 


Hutlllldae 


Pterooalidae 


Scelionidae 


Teienonais  sp. 


Agromyzldae  2 
Dipterous  host  prob. 


Table  3,  continued 


Hyzl num  carolinlanum  (Panzer) 
nyzlnum  prop.  macuTTtuw 


l2rfSine?')  "r'  - 


Vespldae 

Polistes  dorsalis  (Fab.) 

Po  Mates  luscatus  belllcosus 


IEPIDOPTERA 

Cl  steps  ful vlcol 11s  (Hubner) 


Cfstbene  tenulfascta  Harvey 
Syntomelda- epi lals  IHalkerl 


Table  3,  continued 


Utetheisa  ornatrix  Bt 


Argyrestniidae 

*tle»a  punctella  (Cramer) 

Urbanus  proteus  (L.) 
Lycaenldae 


Pyralidae 


electellum  (Hults) 


ORTNOPTERA 

Mancldae 


NEU80PTEM 

Chrysopa  lineatieornix  Pitch 


3,  continued 


Hicromis  subanticus  (Walker)  R p 
Mantispidae 


OERKAPYERA 

Forflculidae 

Doru  taeniatuia  (Oohrn)  R a 


ZYGOPTERA 

Coenagrlonldae 

Anoiaalagrion  hastatua  (Sav)  0 A 


OPILIONES 

Leiobunua  trimaculatuai  Goodm.  0 A 


■ predator;  Pa  • parasite;  PI  ■ pollinator 

■ Soli  dago  canadensis;  Sf  • S.  flstulosa:  Sg  . 


leavenworthii 
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mass.  Other  very  common  species  were  Aysha  sp.  prob.  velox  (Becker), 
Acacesia  hamata  (Hentz),  Hetaphidippus  qalathea  (Walckenaer),  Zyqobal lus 
rufl pes  Peckham  & Peckham  and  Hisumenops  celer  (Hentz). 

Another  well  represented  group  of  predators  were  the  coccinellids. 
Six  species  were  present,  five  of  which  fed  mainly  on  aphids.  The  other 
one,  Psyllobora  sp.,  fed  on  fungus.  The  most  common  species  were 
Cycloneda  sanguinea  (Linn.)  and  Scymnus  socer  LeC.,  whose  larvae  and 
adults  were  collected  throughout  the  growing  season.  The  principal  prey 
were  Uroleucon  ambrosiae  and  U.  gravlcornis  (Patch),  in  this  sequence. 
Brachiacantha  new  sp.  was  only  collected  in  1984,  but  it  was  present  in 
many  samples. 

The  aphids  were  also  the  main  source  of  food  for  the  larvae  of  two 
species  of  Syrphidae,  Syrphidae  sp.  1,  and  Syrphidae  sp.  2,  and  one 
species  of  Drosophilidae,  Drosophila  sp.  The  latter  fed  on  Hyperomyzus 
lactucae  (L. ) , a small  aphid  abundant  on  the  leaf  buds  of  canadensis. 

Host  of  the  Hemiptera  predators  were  rare.  Zelus  longipes  was  a 
common  Reduviidae  but  only  adults  of  this  species  were  collected.  Nymphs 
and  adults  of  the  ambush  bug,  Phymata  sp.  were  also  common,  mainly  on 
blooms.  Other  species  preying  on  insects  that  came  to  flowers  were  Orlus 
insidiosus  (Say)IAnthocoridae)  and  Attalus  otiosus  Say  (Melyridae). 

Larvae  of  Chrysopa  lineaticornis  (Chrysopidae)  were  a common  predator, 
feeding  on  aphids  and  on  larvae  of  Ophraella  integra  (LeC.) 
{Chrysomelidae). 

The  parasitoid  fauna  of  goldenrods  in  Gainesville  was  represented  by 
three  Diptera  (Tachinidae),  36  species  of  Hymenoptera,  and  two  Neuroptera 
(Mantispidae).  Three  species,  Pseudapanteles  sp.  1 (parasite  of 
distincta).  Gonatocerus  morrillii  (Howard)(parasite  of  £.  nigricans),  and 


Tetrastlcus  sp.  (parasite  of  A.  carboni feral  were  very  abundant,  and  they 
seemed  to  be  effective  in  maintaining  the  host  population  at  low  levels. 
£.  distincta  was  also  attacked  by  Pseudapanteles  sp.  2,  Temelucha 
ferruglnea.  Cotesia  sp.,  Glypapanteles  sp.,  and  Chelonus  sp.  One  of  the 
six  parasitoids  of  S.  distincta  was  hyperparasitized  by  Hori smenus 
floridanus  Ashmead  since  the  latter  was  reared  from  its  larvae.  Another 
species  attacked  by  several  parasitoids  was  C.  solidaginis  [Goniozus  sp., 
Elasmus  nr.  mordax  Girault,  Mymar  sp.,  Tetrastichus  sp.  2,  Tetrastichus 
nr.  solidaginis  and  Zagranmosoma  multi lineatum  (Ashmead)],  and  the  aphids 
U.  ambrosiae  and  IK  gravicornis  (Pachyneuron  sp.  1,  Pachy neuron  sp.  2, 
Aphidius  sp.  1,  Aphidius  sp.  2,  and  Aphidius  sp.  3).  The  Agromyzidae 
leaf  miners,  Agromyzidae  sp.  1 and  Agromyzidae  sp.  2,  were  attacked  by 
Qpius  sp.  1,  Opius  sp.  2,  Ganaspidium  sp.,  Chrysonotomyia  sp.  and 
Halticoptera  sp. 

Most  of  the  parasites  reported  here  were  reared  from  their  hosts  in 
the  laboratory.  A few  species  were  collected  with  sweep  net  and  the  host 
is  not  recorded.  The  parasites  of  many  insects  that  bred  on  goldenrods 
were  not  found,  and  that  may  be  one  of  the  reasons  for  the  number  of 
species  of  natural  enemies  approximately  being  equal  to  that  of 
phytophagous  insects  (127  species).  In  stable  environments,  the 
diversity  of  species  is  expected  to  be  higher  on  the  higher  trophic 
levels  (Southwood,  1978).  Goldenrods  sometimes  grow  in  situations  where 
they  are  not  desirable  plants.  Consequently,  especially  as  in  the  case 
of  this  study,  their  populations  near  urban  areas  are  occasionally  mowed 
or  sprayed,  breaking  the  temporary  equilibrium  condition  of  the  Insect 
community.  New  colonizations  will  occur  as  the  plant  grows  again,  and 
the  process  will  be  repeated  every  time  the  goldenrod  population  is 


disturbed.  This  situation  compares  to  that  of  the  unstable 
agroecosystems,  where  a natural  balance  between  prey  and  natural  enemies 
rarely  occurs.  A comparative  analysis  of  the  entomofauna  of  each 
goldenrod  species  could  better  explain  the  relationships  existing  between 
the  phytophagous  and  the  entomophagous  fauna  associated  with  this  plant. 
The  goldenrod  populations  surveyed  in  this  study  grew  in  different 
situations,  with  variable  degrees  of  human  interference.  More  disturbed 
environments  would  be  expected  to  have  a more  unbalanced  fauna  than 
stable,  more  natural  environments. 

Of  the  30  species  of  pollinators,  15  were  Hymenoptera  and  12  were 
Lepidoptera.  Most  of  the  latter,  however,  were  rare.  Only  Ci sseps 
fulvlcollis  (HubnerJ(Amatidae)  and  Cisthene  teniufascia  Harvey 
(Arctildae)  were  occasional.  The  most  common  pollinators  were  the 
honeybee  (Apis  melllfera  L.),  the  love  bug  (Plecia  nearctica  Hardy),  and 
the  soldier  beetle  (Chaulioqnathus  marqinatus  Fab.),  in  this  sequence. 
Honeybees,  soldier  beetles  and  syrphld  flies  have  been  reported  as  major 
pollinators  of  S.  canadenis  in  Canada  and  Michigan  (Werner  et  al.,  1980). 
Only  one  species  of  syrphld  was  collected  visiting  flowers  of  goldenrods 
in  Gainesville.  The  love  bug  was  very  abundant  and  seemed  to  prefer  the 
goldenrod  flowers  among  the  other  blooming  plants. 

The  guild  distribution  of  the  Insect  fauna  on  the  four  species  of 
goldenrods  in  Gainesville  is  shown  in  Fig.  4.  The  phytophagous  fauna  was 
dominated  by  the  sap  feeding  insects.  Only  one  of  them  is  apparently 
specific  to  Solidago  and  42*  breed  on  the  plant.  The  chewers  were  the 
next  most  dominant  group  followed  by  the  gall  makers,  leaf  miners  and 
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Figure  4.  Guild  distribution  of  the  272  species  of  Insects  associated 
with  Soli dago  in  Gainesville.  The  phytophagous  fauna 
comprising  114  species  is  shown  stippled. 
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Predators  represented  the  largest  group,  and 
not  oscillate  much  during  the  year  (Fig.  5),  even  when  the  phytophagous 
population  was  going  down.  This  may  be  related  to  the  presence  of  aphids 
on  the  plant  throughout  the  growing  season.  The  most  abundant  predators, 
the  green  lynx,  lady  beetles  and  lacewing  larvae  are  aphid  feeders.  In 
the  absence  of  the  preferred  prey  the  aphids  could  serve  as  alternate 
prey  to  the  other  predators. 

The  predator  population  peaked  in  July  and  then  stabilized  before 
crashing  in  November.  The  parasites,  the  third  largest  group  (Fig.  4) 
peaked  in  May  (Fig.  5)  and  slowly  decrease  as  the  seasons  progressed. 
Since  most  of  the  parasites  represented  in  this  study  were  reared  from 
leaf  feeding  Insects,  the  pattern  of  their  curve  in  Fig.  5 may  represent 
that  of  their  host.  As  the  leaves  got  old  they  became  less  palatable  and 
nutritious  to  the  insects.  Any  reduction  in  the  population  of  leaf 
feeders  would  result  in  a consequent  reduction  in  the  population  of  their 
parasites.  The  relationship  between  seasonal  changes  in  the  arthropod 
community  and  the  changes  in  the  complexity  of  the  host  plant  will  be 
discussed  further. 

Several  ants  were  collected  on  goldenrods  during  this  four  year 
study.  Some  of  them  were  tending  aphids,  and  many  were  predators.  The 
most  conroon  species  was  Crematoqaster  Clara  followed  by  Pseudomyrmex 
pallidus.  Nests  of  the  latter  were  found  in  dried  goldenrod  stems  in  the 
winter.  Following  is  a list  of  the  24  species  collected.  The  species 
Hypoclinea  plagiata  is  a new  state  record. 

Camponotus  castaneus  (Latr.) 

Camponotus  floridanus  (Bucke.) 

Cardiocondvla  nuda  (Mayr) 
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Figure  5.  Seasonal  distribution  of  parasites,  predators,  phytophagous 
and  total  insect  faunas  associated  with  four  species  of 
goldenrods  in  Gainesville. 


Cardiocondyla  wronqhtoni  (Forel) 


Conomyrma  flavopectus  Smith 
Crematogaster  ashmeadi  Mayr 
Crematogaster  Clara  Mayr 
Crematogaster  lineolata  (Say) 
Cyphomyrmex  sp. 

Formica  archboldi  Sm. 

Formica  pallide-fulya  L. 
Hypoclinea  plagiatus  Mayr 
Paratrechina  concinna  Trager 
Parat rechina  fascionensis  Forel 
Paratrechina  paryula  (Mayr) 
Pheidole  dentata  Mayr 
Pheidole  metallescens  Emery 
Pheidole  morrisii  Forel 
Pseudomyrmex  brunneus  (Smith) 
Pseudomyrmex  pallidus  (Smith) 
Solenopsis  inyicta  Buren 


Host  Suitability  of  Solidago  spp.  for  Ophraella  jj 


a (LeConte) 


Larval  and  Adult  Performances 

Eggs  of  ().  inteqra  in  the  laboratory  took  four  to  five  days  to 
hatch.  Larval  developmental  time  was  consistently  longer  for  male  than 
for  female  larvae  and  it  varied  significantly  depending  on  the  goldenrod 
species  on  which  they  fed  (Table  4).  Males  and  females  reared  on  S. 
fistulosa  developed  faster,  in  both  the  1983  and  1984  experiments,  than 
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on  any  of  the  other  hosts.  The  only  two  females  reared  on  gigantea 
had  the  same  average  developmental  time  as  females  reared  on  S. 
fistulosa,  but  this  may  be  a result  of  the  small  number  of  observations 
on  the  former.  Hales  reared  on  S.  leavenworthi i took  the  longest  to 
develop,  but  not  significantly  longer  than  males  reared  on  S.  gigantea. 
There  was  no  difference  among  developmental  time  of  males,  in  1983,  and 
of  females  in  1984,  fed  with  5-  canadensis  var.  scabra  and  £.  gigantea. 

Survivorship  was  also  significantly  higher  on  S.  fistulosa  in  both 
years  (Table  4).  In  1983,  the  number  of  survivors  on  the  other  three 
plant  species  was  not  significantly  different  from  each  other.  In  1984, 
however,  survivorship  was  considerably  higher  on  £.  canadensis  than  on  S. 
gi gantea  and  S.  leavenworthi i . 

Females  developed  faster,  and  were  heavier  at  emergence  than  males 
(t  = -3.04,  P < 0.005).  The  Influence  of  the  host  plant  on  the  weight  of 
newly  emerged  adults  was  not  very  clear.  Females  were  heavier  when  fed 
with  S.  fistulosa  although  their  mean  weight  was  not  significantly  higher 
than  that  of  females  fed  with  S.  leavenworthii . which  in  turn  did  not 
differ  from  females  on  the  other  2 hosts.  Hales  reared  on  S.  fistulosa 
were  also  heavier,  although  not  significantly  more  than  males  reared  on 
S.  canadensis.  The  lightest  males  were  those  from  S.  leavenworthii. 
followed  by  those  from  S.  gigantea  (Table  4). 

Adult  performance,  based  on  fecundity  and  longevity,  could  not  be 
measured  on  S.  gigantea  in  1983  or  on  S.  gi gantea  and  S.  leavenworthii  in 
1984  due  to  the  small  number  of  reared  adults  and  to  their  death  soon 
after  emergence.  The  average  number  of  eggs/female/day  on  S.  fistulosa. 
although  not  statistically  significant,  was  considerably  higher  than  that 
of  S.  leavenworthii  in  1983  and  was  significantly  higher  than  the  average 
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egg  production  per  day  by  females  reared  on  S.  canadensis  in  both  years 
(Table  5).  Longevity  was  approximately  the  same  for  males  and  females 
and  did  not  statistically  differ  among  the  three  treatments  (Table  5)  in 
1983.  In  1984,  however,  the  life  span  of  adults  fed  with  S.  fistuiosa 
was  significantly  higher  than  that  of  adults  fed  with  canadensis. 
Nitrogen  and  Water  Content  of  Leaves 

Although  the  variation  in  water  content  among  the  four  goldenrod 
species  was  small  (68.81  to  76.08,  Table  6),  the  mean  water  content  of 
the  leaves  of  S.  canadensis  and  S.  fistuiosa  was  significantly  higher 
than  that  of  S.  qigantea  and  S.  leavenworthii . Nitrogen  content,  on  the 
other  hand,  was  lower  in  S,  canadensis  than  in  the  other  three  plant 
species.  Better  performance  was  attained  by  insects  reared  on  S. 
fistuiosa.  the  most  nutritious  host  in  terms  of  both  water  and  nitrogen 
content.  Apparently,  the  low  moisture  content  of  the  leaves  of  S. 
gi gantea  and  S.  leavenworthii  had  a significant  effect  on  the  development 
and  reproduction  of  0.  integra.  because  its  performance  was  not  that 
predicted  by  the  leaf  nitrogen  content.  For  example,  the  correlation 
coefficient  between  number  of  eggs  laid/female/day  and  leaf  nitrogen  in 
1983  was  not  significant  (r  = 0.365,  p = 0.18;  Table  7).  This  analysis 
included  S.  canadensis.  S.  fistuiosa  and  £.  leavenworthii . There  are  no 
fecundity  data  for  S.  leavenworthii  in  1984  and  the  correlation 
coefficient  analysis  of  this  year  included  only  S.  fistuiosa  and  S. 
canadensis,  both  with  high  leaf  water  but  significantly  different  in  leaf 
nitrogen.  This  time  the  linear  relationship  was  significant  (Table  7). 
The  same  result  as  obtained  for  life  span  (Table  7). 
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Oviposition  and  Feeding  Preference 

Given  a choice  among  the  four  host  plants  for  oviposition,  the 
females  tended  to  prefer  5.  fistulosa  and  S.  canadensis.  This 
preference,  however,  was  not  statistically  significant.  There  was  a 
slight  tendency  to  oviposit  on  their  original  host  plant  by  females 
reared  on  S.  fistulosa  and  canadensis.  Females  reared  on  5*  gigantea 
and  £.  leave nworthii,  however,  apparently  discriminated  against  their 
original  hosts,  as  they  never  chose  this  plant  for  oviposition.  A 
similar  trend  for  feeding  preference  was  observed  although  the 
differences  among  treatments  were  even  smaller  than  those  for  oviposition 
and  the  adults  reared  on  S.  gigantea  and  S.  leavenworthii  did  not  clearly 
avoid  their  original  hosts  (Table  8). 

The  chrysomelid  beetle,  Ophraella  integra  (LeConte)  originally  in 
the  genus  Galeruca.  was  moved  in  1983  to  the  genus  Galerucella  by  Horn. 

In  1965,  Wilcox  described  the  new  genus,  Ophraella.  composed  of  nine 
species,  four  of  which  are  specific  feeders  on  Soli  dago  spp.  (Woods, 

1924;  Wilcox,  1965).  0.  integra  is  reported  from  blue  waxweed,  Cuphea 
peti Plata,  of  the  family  Lythraceae,  by  Wilcox  (1979).  This  record 
apparently  originated  from  Balsbaugh  and  Hays  (1972)  who  reported  that 
ten  adults  of  this  beetle  "were  collected  by  a home  gardener  on  a plant 
he  called  “waxweed”  (TCuphea  petiolata)'1.  This  does  not  seem  to  he  a 
very  reliable  record.  Soli  dago,  and  not  Cuphea.  appears  to  be  the  true 
host  plant  of  0.  integra,  since  most  of  the  other  Ophael 1 a species  are 
restricted  to  one  host  genus,  and  many  of  them  feed  on  plants  of  the 
family  Compositae. 

This  beetle  is  reported  from  Pennsylvania,  Florida,  Texas  (Wilcox, 
1965)  and  Alabama  (Balsbaugh  and  Hays,  1972).  In  Gainesville,  it  occurs 


on  the  four  common  species  of  Soli  dago:  S.  canadensis  var.  scabra  (a  S. 
altissima),  S.  fistulosa,  S.  gigantea  and  £.  leavenworthii ■ Both  larvae 
and  adults  feed  on  leaves.  Females  appear  in  the  field  fn  early  May. 

They  lay  a clutch  of  conspicuous,  orange  eggs  on  the  underside  of  the 
leaf.  The  clutch  size  in  the  field  is  almost  always  six  eggs  with 
usually  not  more  than  one  clutch  per  plant.  Young  larvae  move  upward  and 
feed  on  the  new  leaves.  There  are  three  larval  instars.  The  first  two 
instars  feed  by  skeletonizing  the  leaf.  Third  instar  larvae  and  adults 
make  holes  in  the  leaf  blade.  Prior  to  pupation  the  third  instar  larva 
spins  a loose  net-like  cocoon  constructed  of  a viscous  maxillary 
secretion.  In  the  laboratory,  the  prepupa  searches  for  corners  or  folds 
on  the  leaf  and  tissue  paper  Inside  the  rearing  cup  where  it  pupates.  No 
pupa  was  found  on  plants  in  the  field.  These  observations  suggest  that 
0.  Integra,  like  other  species  of  this  genus  (Woods,  1924),  pupates  in 

Eggs  of  this  species  were  seen  on  plants  In  the  field  as  late  as  the 
early  October  in  Gainesville.  Adults  and  larvae  may  be  collected  until 
early  November.  Developmental  time  in  the  laboratory,  from  hatching  to 
adult,  averages  27  days.  Since  goldenrod  stands  dry  down  to  rhizomes 
every  winter,  the  occurrence  of  larvae  in  the  field  until  early  November 
suggests  that  this  species  overwinters  not  only  as  adults  like  other 
Ophraella  beetles  (Woods,  1924)  but  also  as  pupae,  in  the  soil.  Adults 
were  seen  on  S.  fistulosa  early  in  May  and  one  week  later  they  were  seen 
on  S.  canadensis.  A few  adults  could  be  collected  on  £.  gigantea  and  S. 
leavenworthii  late  in  May  and  the  beginning  of  June,  respectively.  They 
were  very  scarce  on  the  latter.  In  the  laboratory  survivorship  of  larvae 
and  adults  on  these  latter  two  species  was  very  low  with 


few  individuals 


reaching  adulthood.  Those  fed  gigantea  that  did  survive  to  the  adult 
stage  had  a very  short  life  span  (<  10  days). 

Several  studies  have  shown  the  Influence  of  leaf  water  and  nitrogen 
on  insect  performance  (McNeil  and  Southwood,  1978;  Mattson,  1980;  Scriber 
and  Slansky,  1981;  Scriber,  1984).  Paiva  (1977)  showed  that  fecundity, 
longevity  and  weight  of  the  mustard  beetle  Phaedon  cochleariae  Fabricius 
was  higher  when  the  insect  was  fed  a host  with  higher  levels  of  leaf 
nitrogen.  Leaf  water  content  is  another  factor  determining  plant  quality 
(Scriber,  1977;  Scriber  and  Feeny,  1979;  Scriber  and  Slansky,  1981). 
Better  performance  is  achieved  by  penultimate  instar  larvae  feeding  on 
forbs  which  have  high  leaf  water  (75*  to  95S),  as  opposed  to  insects 
feeding  on  trees,  with  leaf  water  less  than  70X  (Scriber  and  Slansky, 
1981).  Low  water  content  may  also  have  an  effect  on  nitrogen  utilization 
by  insects.  Larvae  of  the  saturnlid  moth  Hyalophora  cecropia  fed  with 
leaves  of  low  leaf  water  content  grew  more  slowly  and  utilized  plant 
biomass,  energy,  and  nitrogen  less  efficiently,  although  fiber,  total 
nitrogen  and  caloric  content  of  these  leaves  did  not  differ  (Scriber, 
1977).  When  water  is  not  a limiting  factor  some  insects  such  as  Pleris 
raPae  (L.)(Slansky  and  Feeny,  1977)  optimize  nitrogen  accumulation  by 
altering  consumption  rate  in  response  to  changes  in  leaf  nitrogen 
content.  But  when  water  is  apparently  limiting  nitrogen  assimilation 
efficiency  and  nitrogen  accumulation  rate,  high  feeding  rates  would  not 
result  in  faster  growth  (Scriber,  1977).  This  seems  to  be  the  case  for 
0.  Integra  whose  performance  on  S.  canadensis,  which  contains  low  leaf 
nitrogen  but  high  leaf  water  did  not  differ  from  its  performance  on  S. 
gigantea.  In  some  instances  its  performance  on  S.  canadensis  was  better 
than  that  on  S.  leavenworthii.  Both  S.  gigantea  and  S.  leavenworthii  had 
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higher  leaf  nitrogen  and  lower  leaf  water  contents  than  canadensis 
(leaf  water  content  on  S.  leavenworthi i was  even  lower  than  on  S. 
qiqantea).  Indeed,  leaf  water  content  of  the  leaves  of  S.  qiqantea  and 
S.  leavenworthi i was  lower  than  that  of  many  other  forbs  (Scriber  and 
Feeny,  1979).  larvae  and  adults  of  0.  integra  are  external  feeders  and 
thus  may  be  more  susceptible  to  changes  in  humidity.  Southwood  (1972) 
discussed  low  leaf  water  content  as  a major  evolutionary  "hurdle"  for 
phytophagous  insects,  even  in  the  presence  of  the  many  physiological, 
behavioral  and  ecological  adaptations  to  avoid  water  loss. 

The  toxic  effects  of  al lei ochemi cals  cannot  be  excluded  as  part  of 
the  explanation  of  the  residual  variation  on  the  relationships  between 
leaf  nitrogen  and  water  contents  and  0.  i nteqra  performance.  Several 
allelochemicals  such  as  terpenes,  glycosides  and  flavenoides  have  been 
isolated  from  goldenrod  plants  (Hiller  et  al.,  1979,  1983;  Grundemann  et 
al.,  1979;  Vamura  et  al.,  1981).  These  allelochemicals  may  interfere 
with  an  insect's  metabolism  in  such  a way  that  its  performance  will  be 
less  than  that  expected  by  leaf  water  and  nitrogen.  This  was  the  case  in 
the  southern  armyworm  Spodoptera  eridania  (Cramer)  whose  growth  response 
to  leaf  water  and  nitrogen  was  altered  by  various  allelochemics  present 
in  the  15  legume  species  on  which  the  larvae  were  fed  (Scriber,  1984). 

Males  of  0.  Integra  were  not  as  successful  as  females,  which  managed 
to  compensate  for  the  nutrient  deficiencies  and  attain  an  average  weight 
close  to  that  of  females  reared  on  S.  fistulosa.  the  most  nutritious 
host.  Compared  to  males,  females  either  consumed  food  at  a faster  rate 
and/or  utilized  their  food  more  efficiently  because  they  gained  more 
weight  in  a shorter  time.  Females  accumulate  much  of  the  nutrients  and 
energy  provided  to  eggs  during  their  larval  development.  For  this  reason 
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they  are  heavier  than  males  and  usually  have  longer  developmental  times. 
The  adaptive  significance  of  the  unusually  later  emergence  of  males  of  0. 
integra  may  relate  to  the  fact  that  females  are  not  ready  for  egg  laying 
until  two  to  four  days  after  emergence.  If  male  and  female  emergence  was 
synchronous,  the  males  would  be  exposed  to  natural  enemies  and  to 
environmental  hazards  while  waiting  for  the  females  to  mature.  This 
could  increase  male  mortality  and  the  females  might  have  trouble  finding 
a mate.  Those  males  that  emerged  later  than  the  females,  however  would 
be  more  successful  in  mating  and  reproducing.  Late  male  emergence  may 
have  evolved  in  the  population  in  this  manner. 

Survivorship  and  fecundity  were  higher  on  Soli  dago  fistulosa.  Thus 
it  can  be  inferred  that  individuals  of  0.  integra  that  feed  on  this 
particular  host  species  have  greater  fitness.  It  would  therefore  be 
expected  that,  given  a choice  among  the  four  goldenrod  plants,  males  and 
females  would  preferentially  feed  on  S.  fistulosa  and  females  would 
select  this  host  species  for  oviposition.  This  was  not  the  case,  perhaps 
because  the  plants  are  very  closely  related  to  each  other  and  the  Insect 
cannot  discern  among  them  before  actually  "tasting"  them.  Once  they  are 
on  a plant  they  may  stay  there.  In  general,  females  laid  their  eggs  on 
the  plant  species  on  which  they  were  feeding.  Host  choices  by  £.  integra 
would  be  better  understood  with  a knowledge  of  their  dispersal  behavior. 
When  disturbed  in  the  field  or  in  the  laboratory,  0.  integra  does  not  fly 
but  falls  to  the  soil  and  plays  dead.  Studies  on  the  dispersal  behavior 
of  two  other  beetles  of  the  subfamily  Gallerucinae,  Trhirabda  virgata 
LeConte  and  Trhirabda  borealis  Blake  (Messina,  1982)  demonstrated  that 
these  beetles  exhibit  the  oogenesis -flight  syndrome,  flying  only  during  a 
post-teneral  but  pre-ovipositional  phase.  They  perform  long-range 
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dispersal  and  colonization  of  other  fields  only  at  this  time.  This  may 
very  well  he  the  case  with  0.  Integra.  The  goldenrod  fields  in 
Gainesville  are  generally  composed  of  only  one  species.  Once  the  insect, 
on  its  pre-ovipositional  dispersal  flight  reaches  this  field,  its 
dispersal  may  become  restricted  to  walking  movements  from  plant  to  plant. 
Because  the  feeding  and  oviposition  experiments  were  performed  using 
ovipositing  females,  their  stimulus  for  host  selection  may  have  already 
been  blocked.  They  probably  were  not  able  to  exibit  a "choice  behavior" 
and  were  simply  ovipositing  on  whatever  plant  they  were  on  at  the  time. 
Field  studies  on  dispersal  behavior  are  necessary  for  a better 
understanding  of  the  mechanisms  of  food  choice  and  host  selection  of  0. 

Host  Suitability  of  Solidago  sp.  for 
Sparqanothis  distincta  IWalsingham) 

S.  distincta  was  the  only  species  of  Sparganothis  collected  on 
goldenrods  in  Gainesville,  although  4 other  species  of  this  genus  feed  on 
goldenrod.  Three  of  these  other  species  are  polyphagous,  but  S.  solidana 
Freeman  (Zwolfer  and  Harris,  unpublished  data)  and  S.  distincta  have  been 
reported  only  from  Solidago. 

Larvae  of  S.  distincta  were  collected  in  Gainesville  from  early  May 
to  the  beginning  of  September.  An  egg  mass  collected  in  the  field  was 
laid  over  the  main  vein  on  the  underside  of  the  leaf.  In  the  laboratory, 
females  laid  eggs  indiscriminately  on  either  side  of  the  leaf  or  on  cage 
walls.  Each  egg  mass  contained  28.8  ± 14.8  greenish,  transparent, 
circular  to  oval  shaped  eggs.  They  gradually  turn  yellowish  and  then 
reddish-brown  as  the  embryos  develop.  Under  laboratory  conditions,  the 
eggs  took  5 to  7 days  to  hatch. 
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Despite  eggs  being  laid  in  masses,  more  than  one  larva  per  plant  was 
rarely  seen  in  the  field.  The  active  newly  hatched  larvae  probably 
dispersed  by  spinning  silk  threads  on  which  they  suspended  themselves  and 
moved  from  the  egg  mass  site  to  other  plants.  Late  instar  larvae  were 
never  observed  suspended  on  silk  threads. 

Seven  parasitic  Hymenoptera  were  reared  from  larvae  of  S.  distincta. 
including  five  braconlds  (Chelonus  sp..  Cotesia  sp..  Glyptapanteles  sp.. 
Pseudapanteles  sp.  1 and  Pseudapanteles  sp.  2),  1 eulophid  (Horismenus 
floridanus  Ashmead)  and  1 ichneumonid  [Temelucha  ferruginea  (Davis)]. 

The  most  common  species  was  Pseudapanteles  sp.  1. 

Development  and  fecundity  of  S.  distincta  reared  on  the  four  common 
species  of  goldenrod  in  Gainesville  are  presented  on  Table  9.  The 
average  male  developmental  time  from  hatching  to  pupae  ranged  from  21.8 
to  24.4  days,  depending  on  the  host  plant  they  were  fed  on.  It  was  a 
little  shorter  than  average  female  developmental  time  which  ranged  from 
22.4  to  26.6.  The  variation  within  a given  sex  is  apparently  related  to 
the  nutritional  quality  of  the  food.  Analysis  of  leaf  water  and  nitrogen 
content  of  the  four  goldenrod  species  used  in  this  study  are  presented  in 
Table  8.  Developmental  time  of  male  and  female  was  significantly  shorter 
on  S.  fistulosa.  the  plant  with  the  highest  leaf  water  and  nitrogen 
content.  Larvae  reared  on  £.  canadensis  var.  scabra . the  host  with 
significantly  lowest  leaf  nitrogen  took  the  longest  time  to  develop,  but 
the  difference  in  developmental  time  on  this  species  and  on  S.  gigantea 
and  S.  leavenworthii  was  not  statistically  significant.  These  results 
are  in  agreement  with  those  observed  for  the  beetle  Ophraella  Integra 
(LeConte)  in  the  previous  chapter.  The  low  leaf  water  content  of  the  two 
latter  plant  species  may  have  limited  nitrogen  assimilation  efficiency 
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and  nitrogen  accumulation  rate  by  the  larvae.  The  side  effect  of  low 
humidity  and  other  factors  such  as  allelochemicals  on  the  nitrogen 
utilization  by  insects  is  discussed  by  Scriber  (1977).  Average 
developmental  time  of  males  and  females  of  S.  distincta  was  inversely 
correlated  with  leaf  nitrogen  content  (Fig.  6,  A and  B).  The  number  of 
adults  reared  on  each  host  plant  (Fig.  6,  C)  and  the  number  of  eggs 
laid/female/day  (Fig.  6,  D)  were  directly  correlated  to  the  amount  of 
this  nutrient  on  the  food  plant.  Leaf  water  content  did  not  show  any 
direct  effect  on  development,  survivorship  and  fecundity  as  shown  by  the 
low  correlation  coefficients  between  this  variable  and  the  measures  of 
larval  and  adult  performances  (r  ■ 0.22  and  r = 0.46  for  male  and  female 
developmental  time,  respectively;  r ■ -0.1  for  number  of  adults  reared;  r 
a 0.51  for  number  of  eggs/female/day.  None  of  the  coefficients  was 
significant).  Its  side  effect  on  survivorship  and  fecundity  was  also  not 
apparent,  since  the  number  of  adults  reared  and  the  number  of  eggs 
laid/female/day  was  consistently  higher  on  the  hosts  with  higher  leaf 
nitrogen  content,  even  if  the  leaf  water  content  was  low.  S.  distincta 
has  a behavioral  adaptation  to  prevent  water  loss  by  tying  the  leaves  to 
each  other  forming  a protective  case.  Small  variations  in  the  moisture 
content  of  its  diet  may  not  strongly  affect  its  performance. 

Although  causing  an  increase  in  the  developmental  period  of  S. 
distincta.  low  leaf  water  and  nitrogen  did  not  affect  the  weight  of  the 
pupae.  Larvae  of  Pieris  rapae  adjust  their  feeding  rate  to  compensate 
for  low  nitrogen  content  on  its  diet.  By  increasing  their  rate  of  food 
consumption,  they  maximize  the  nitrogen  accumulation  rate,  thus 
Increasing  their  growth  rate  (Slansky  and  Feeny,  1977).  The  ultimate 
goal  of  a larva  is  to  become  an  adult  with  high  fitness.  The  weight  at 


Figure  6.  Developmental  time  of  males  (A)  and  females  (B)  of  Sparqanothis 
distincta,  number  of  adults  reared  (C)  and  number  of  eggs/ female/ 
day  (D)  in  relation  to  total  nitrogen  content  of  the  leaves  of 
four  species  of  Solidago.  Sc  = S.  canadensis;  Sf  = S.  fistulosa; 
Sg  = S.  giqantea:  SI  - S.  leavenworthii. 
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pupation  is  an  important  factor  in  this  fitness  and  when  faced  with  low 
nutritional  quality  of  its  diet,  the  larva  may  have  to  eat  for  a longer 
period  of  time  to  attain  some  minimal  body  weight  (Slansky,  1982).  S. 
distincta  grew  slower  on  S.  canadensis,  £.  qigantea  and  S . leavenworthii 
but  attained  approximately  the  same  body  weight  at  pupation  as  on  S. 
fistulosa.  This  did  not  result  in  equal  fecundity  as  would  be  expected. 
Hinton  (1981)  reports  that  heavier  or  larger  adults  of  insects  belonging 
to  several  orders,  including  Lepidoptera,  tend  to  lay  more  eggs  than 
small  ones.  Adults  of  S.  distincta  only  feed  on  nectar,  so  the  energy 
and  nutrients  provided  to  eggs  was  probably  stored  during  larval 
development.  Although  the  larvae  attained  a minimal  body  weight  at 
pupation,  they  did  not  accumulate  enough  nutrients  to  provide  for  minimal 
egg  production  when  fed  on  S.  canadensis,  a nitrogen-deficient  host. 

Field  studies  are  needed  to  determine  the  number  of  generations  a 
year,  the  overwintering  stage  and  the  mechanisms  of  dispersal  and  host 
selection  of  £.  distincta. 

Plant  Architecture  and  Insect  Diversity 

The  architectural  complexity  of  Soli  dago  canadensis.  S.  fistulosa. 

S.  qigantea  and  leavenworthii  were  determined  by  measuring  plants  at 
four  different  growing  stages  in  1983.  Each  time  the  plants  were 
measured,  the  insect  population  was  surveyed.  In  1984  the  measurements 
were  repeated  on  S.  canadensis  and  £.  leavenworthii.  this  time  in  three 
growing  stages.  The  1983  data  were  first  analyzed  separately  to  detect 
variations  in  plant  structure  among  species,  locations  and  months.  The 
three  parameters  used  as  determinants  of  the  plant  architecture,  height 
of  plant,  total  leaf  area  (number  of  leaves  x average  leaf  area)  and  size 
of  flower  stalks  (number  x average  size  of  flower  stalks)  were 


significantly  different  among  the  seven  locations  and  the  four  months. 

The  interaction  between  months  and  locations  was  also  significant  (Table 
Al).  These  results  indicate  that  location,  and  not  plant  species,  was 
the  main  source  of  variation.  Table  10  shows  the  interaction  means 
between  location  and  month  for  height,  total  leaf  area,  size  of  flower 
stalks,  number  of  phytophagous  insect  species,  number  of  beneficial 
species  {including  insects,  spiders  and  Opiliones),  and  total  number  of 

Results  of  the  statistical  analysis  of  the  1983  and  1984  data 
combined  yielded  results  similar  to  those  obtained  for  1983  only  (Table 
11  and  Al),  with  significant  interactions  between  years.  Thus  only  1983 
results  were  used  to  further  compare  locations  in  their  species/ 
architecture  relationship,  since  only  four  locations  were  surveyed  in 

Because  of  the  significant  interactions  observed  among  location  and 
month.  It  was  possible  to  use  these  two  variables  as  replicants  on  the 
correlation  coefficients  and  regression  analysis.  These  tests  were 
applied  to  determine  which  characteristics  of  Solidago  plants  accounted 
for  the  richness  of  the  insect  fauna  associated  with  them.  The  following 
were  the  parameters  included  in  the  tests:  height  of  the  plant,  total 
leaf  area,  "overall  architecture",  "partial  architecture”,  leaf  nitrogen 
and  leaf  water  contents.  The  "overall  architecture"  was  calculated  by 
combining  height  + total  leaf  area  + size  of  flower  stalks.  The  results 
were  ranked  following  the  criteria  in  Table  AZ.  Since,  unlike  the  other 
resources,  nectar  is  produced  by  the  plants  basically  to  attract  insects, 
and  only  a few  species  exploit  the  flowers  and  seeds  of  the  goldenrods  as 
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a source  of  food,  a "partial  architecture"  which  included  only  height  and 
total  leaf  area  was  also  calculated. 

The  above  attributes  of  the  host  plant  were  tested  against  the 
number  of  phytophagous  Insect  species,  the  number  of  beneficial  species 
(parasites  and  predators,  including  spiders  and  Opiliones)  and  the  total 
number  of  species  (phytophagous  and  beneficial ) (Table  A3).  The  results 
Indicated  that  total  leaf  area  better  explained  the  diversity  of  the 
insect  fauna  of  goldenrods.  Height,  site  of  stalks  and  "overall 
architecture"  were  not  linearly  related  to  species  richness,  except  for  a 
negative  correlation  existing  between  height  of  plant  and  number  of 
beneficial  Insects.  Thus,  increasing  the  architectural  complexity  of  the 
plant  by  the  addition  of  flower  stalks  did  not  result  in  an  increase  in 
the  number  of  phytophagous  insects.  Partial  architecture  was  linearly 
related  to  the  number  of  phytophagous  species  (r  = 0.48,  P = 0.01),  but 
not  to  the  total  number  of  species.  The  diversity  of  goldenrods' 
phytophagous  insect  fauna  shows  a good  correlation  with  total  leaf  area 
(r  " 0.53,  P < 0.005).  The  complexity  of  the  foliage  also  explained  part 
of  the  variation  in  the  total  number  of  species  associated  with  these 
plants  (r  ■ 0.38,  P = 0.05)(F1g.  7). 

Each  location  and  then  each  species  were  next  tested  for  linear 
relationships.  Again  total  leaf  area  better  explained  phytophagous  and 
total  species  richness,  but  the  correlation  coefficients  were  not 
significant  because  of  the  small  number  of  observations  (Fig.  8). 

The  seasonal  buildup  of  the  phytophagous  fauna  and  of  populations  of 
the  four  species  of  goldenrods  in  Gainesville  are  shown  in  Fig.  9. 


Square  root  of  the  number  of  phytophagous  insect  species  and 
square  root  of  the  total  number  of  species  in  relation  to 
total  leaf  area  of  the  host  plant  (r  = 0.53  and  r = 0.38, 
respectively). 


Figure  8.  Relationship  between  total  leaf  area  and  the  square  root  of 
the  number  of  phytophagous  insects  and  to  the  total  number 
of  species  (including  spiders)  in  1983  (•)  and  1984  (o). 
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Except  for  S.  qiqantea.  the  correlation  coefficients  between  total 
leaf  area  (used  as  a measure  of  the  plant  architecture)  and  the  number  of 
phytophagous  insects  were  positively  but  not  significantly  linear, 
perhaps  because  of  the  small  sample  size  (mean  values  of  total  leaf  area 
and  only  one  count  per  month  of  number  of  insects).  When  the  four 
species  were  analyzed  together,  the  correlation  was  significant  (r  s 
0.53,  P < 0.005). 

The  richness  of  the  Insect  fauna  associated  with  a given  plant  is  a 
function  of  several  factors,  the  principal  one  being  the  host's 
geographical  range.  Plants  more  widely  distributed  support  higher  insect 
diversity  (Strong  and  Levin,  1979).  Within  the  same  geographical  range, 
large,  structurally  more  complex  plants  are  more  species-rich  than  small, 
structurally  simple  ones.  Plants  with  the  same  growth  form  may  still 
show  differences  in  the  Insect  fauna  as  a result  of  local  variations  in 
the  plant  population  characteristics,  such  as  height  of  the  plant  leaf 
form  and  number  of  related  species  (Lawton  and  Price,  1979). 

Seventy-three  percent  of  the  total  number  of  phytophagous  Insect 
species  associated  with  goldenrod  In  Gainesville  were  leaf  feeders.  Thus 
it  is  not  surprising  that  the  availability  of  this  resource  accounted  for 
most  of  the  observed  variation  in  insect  species  numbers  among  the 
collecting  sites.  Messina  and  Root  (1980)  showed  that  two  leaf  beetles, 
Ophraella  conferta  (LeConte)  and  Hicrorhooala  vittata  (Fabr.) 
discriminated  against  Solidaqo  qraminifolia  (L. ),  a distinctive  goldenrod 
with  narrow  foliage  which  may  be  structurally  unsuited  for  the  large 
blotch-mines  of  M.  vittata.  Among  the  four  species  of  goldenrods  in 
Gainesville  there  is  a gradual  variation  in  leaf  form,  from  the  narrow, 
grass-like  leaves  of  S.  leavenworthii  to  the  larger,  wider  leaves  of  S. 
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canadensis.  The  number  of  phytophagous  species  associated  with  each  host 
plant  in  1983  generally  followed  this  gradient,  with  very  few  insects 
collected  on  £.  leavenworthii  compared  to  the  other  plant  species.  The 
number  of  insects  also  followed  the  seasonal  buildup  of  the  foliage. 

Late  in  the  season,  when  the  leaves  started  to  fall,  the  number  of 
insects  dropped,  although  the  overall  architectural  complexity  of  the 
plant  increased  due  to  the  addition  of  flower  stalks.  Thus,  increasing 
the  architectural  complexity  of  the  plant  with  flower  structures  did  not 
result  in  an  increase  in  the  number  of  insect  species.  Only  two  insects 
that  feed  on  flower  and  seeds,  a noctuid  moth  and  a midge,  are  specific 
to  Solidaqo.  Other  insects  exploiting  those  structures  are  polyphagous 
or  feed  also  on  other  parts  of  the  plants.  Goldenrod  blooms  are 
pollinated  by  different  Insects  and  none  of  them  seem  to  be  specific  to 
the  plant.  Since  these  plants  also  reproduce  vegetatively  by  rhizomes, 
resource  allocation  to  sexual  reproduction  may  vary  with  age,  from  year 
to  year  and  perhaps  with  environmental  conditions.  In  this  sense 
goldenrod  blooms  could  be  considered  an  unpredictable  resource  and  they 
are  expected  to  be  utilized  by  only  a few  specialized  insects. 

Height  alone  had  no  effect  on  species  richness  but  when  height  and 
total  leaf  area  were  combined  there  was  a small  but  significant 
correlation  with  the  phytophagous  fauna.  However,  height  and  total  leaf 
area  are  correlated  with  each  other,  and  the  above  relationship  may 
result  from  the  fact  that,  up  to  a certain  point  in  the  growing  season, 
taller  plants  have  more  leaves. 

Ho  other  studies  have  attempted  to  explain  the  role  of  the  plant 
structure  on  the  abundance  of  the  whole  insect  community.  Including 
predators  and  parasites.  Here  it  is  shown  that  foliage  complexity  has  a 
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snail  but  detectable  effect  on  the  total  arthropod  fauna  of  goldenrods. 
This  significance,  however,  may  be  only  a residual  effect  of  the  highly 
significant  linear  relationship  existing  between  the  total  leaf  area  and 
the  phytophagous  fauna.  When  natural  enemies  only  are  correlated  with 
leaf  area  the  relationship  is  negative  and  not  significant.  This  fauna 
also  shows  a significant  but  negative  relationship  to  height.  It  seems 
however,  that  the  observed  negative  relationships  are  only  a matter  of 
coincidence.  Natural  enemies  may  be  abundant  on  a given  plant  for 
reasons  that  are  not  related  to  the  plant  morphology.  Plant  density  and 
plant  population  size  affects  the  herbivore  population  (Price  et  al., 
1980).  Increased  host  density  implies  higher  resource  availability  to 
herbivores,  resulting  in  larger  populations  which  will  attract  more 
natural  enemies  to  the  plant.  Associated  plants  which  are  a source  of 
nectar  and  pollen  to  adults,  predators,  and  parasites  may  attract  larger 
numbers  of  natural  enemies  to  the  host  plant  (van  Emden,  1965).  The 
presence  of  honeydew  producing  herbivores  is  also  attractive  to  natural 
enemies  (Price  et  al.,  1980).  The  larger  enemy/prey  rates  observed  in 
the  present  study  occurred  at  B.  P.  East  and  Rocky  Point  in  which 
goldenrod  plants  were  Infested  with  aphids  during  most  of  the  growing 
season.  Nautral  enemies  of  aphids  were  constantly  collected,  as  well  as 
other  predators  and  parasites.  The  second  highest  rate  was  observed  at 
SW  16  Ave.  which  was  the  largest  patch  and  where  plant  density  was  up  to 
four  times  higher  than  at  the  other  locations.  The  third  highest 
enemy/prey  rate  was  found  at  a location  with  high  plant  diversity  (Archer 
Road)  where  the  goldenrod  plants  grew  mixed  with  a variety  of  other 
blooming  weeds.  These  observations  confirm  the  results  of  former  studies 
related  to  abundance  of  natural  enemies.  They  suggest  that  the 


surrounding  vegetation,  the  structure  of  the  insect  community  and  host 
plant  density  determine  the  diversity  of  predators  and  parasites.  The 
results  also  support  the  view  of  many  biological  control  workers  who 
favor  strips  of  natural  vegetation  growing  between  and  around  crop  fields 
to  increase  diversity  and  offer  alternate  food  and  shelter  for  natural 
enemies  (Altieri,  1979). 

The  within-species  variation  in  plant  structure  and  insect  diversity 
emphasizes  Price  and  Willson's  (1979)  observations  of  the  importance  of 
environmental  conditions  in  determining  population  size  of  herbivores. 
These  authors  surveyed  six  species  of  milkweeds  which  occurred  in  order 
on  a moisture  gradient  from  wet  to  dry  soil  conditions.  Plants  of  the 
same  species  growing  in  more  moist  conditions  were  richer  in  herbivore 
species  and  abundance.  The  study  was  restricted  to  13  insects  specific 
to  milkweeds.  It  was  suggested  that  the  humid  conditions  directly 
affected  survival  and  development  of  some  of  these  species.  Such  a 
gradient  of  moisture  was  not  observed  among  locations  occupied  by  the 
same  goldenrod  species  or  among  all  locations.  Effect  of  environmental 
conditions  on  performance  of  a particular  insect  was  also  not  observed, 
since  the  whole  fauna  was  being  studied.  More  evident  was  the 
environmental  effect  on  the  plant,  which  in  turn  affected  insect 
diversity.  Populations  of  the  same  species  under  different  physical  and 
environmental  pressures  grew  differently  and  in  consequence  supported 
different  insect  faunas.  For  example,  S.  canadensis  growing  on  B.  P. 

West  was  taller  and  had  more  total  leaf  area  than  at  the  other  locations. 

Certain  insects  may  also  affect  the  growth  form  of  the  plant.  In 
1984,  the  population  of  S.  canadensis  growing  on  Rocky  Point  was  heavily 
attacked  by  Trichotaphe  inserrata  (Gelechi idae).  Larvae  of  this  insect 
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bore  into  the  growing  tip,  interrupting  the  terminal  growth  of  the  plant 
and  inducing  lateral  growth  of  two  or  more  branches.  Each  branch 
produced  flower  stalks  and  this  significantly  increased  the  overall 
architectural  complexity  of  the  plant. 

Another  factor  influencing  insect  diversity  of  goldenrods  in 
Gainesville  was  plant  abundance.  S.  fistulosa  growing  on  SW  16  Ave. 
supported  more  phytophagous  and  beneficial  arthropods  than  on  US  441. 
Species  richness  was  greater  at  the  former  location  than  predicted  by  its 
total  leaf  area,  as  shown  by  its  deviation  from  the  regression  line  in 
Fig.  8.  Plant  abundance  was  responsible  for  some  of  the  variation  in  the 
number  of  invertebrate  species  associated  with  British  trees  (Southwood 
et  al.,  1982).  High  densities  influence  the  nutritional  quality  of  the 
foliage,  concentration  of  nectar  and  honeydew,  microclimate  (Price  et 
al.,  1979)  and  extinction  rates  (Strong  and  Levin,  1979).  Abundance  of 
£.  fistulosa  at  SW  16  Ave.  was  2.4  to  4.1  times  greater  than  at  the  other 
locations.  This  population  was  also  the  largest  among  all,  with  more 
resources  available  to  the  insect.  These  facts  probably  had  a 
significant  influence  on  the  number  of  Insect  species  at  this  location. 

Variation  in  the  insect  richness  among  the  four  goldenrod  species  is 
harder  to  explain.  Differences  between  S.  leavenworthii  and  the  other 
host  species  might  be  related  to  its  architectural  complexity.  The 
narrow  leaves  of  this  plant  form  a sparse  canopy  which  probably  allows 
much  exposure  to  winds,  insolation  and  other  elements.  Contrarlly,  S. 
canadensis  and  S.  fistulosa  have  a more  dense  vegetation  where  the 
Insects  can  find  food  and  shelter.  S.  canadensis  was  more  common  than 
the  other  goldenrod  species  in  Gainesville.  Insects  are  more  likely  to 
find  and  colonize  hosts  more  frequently  distributed.  Neuvonen  and 


Niemela  (1981)  showed  that  plant  frequency  explained  some  of  the 
variation  In  the  species  richness  of  mlcrolepldoptera  on  Finnish 
deciduous  trees  and  shrubs.  S.  canadensis  is  commonly  found  on 
roadsides,  fence  rows  and  old  fields  in  Gainesville,  and  this  may  be 
partially  responsible  for  the  larger  number  of  insect  species  associated 
with  this  host. 

The  fact  that  S.  gigantea  supports  a smaller  number  of  insect 
species  than  fistulosa  although  the  latter  has  smaller  total  leaf  area 
is  probably  due  to  the  density  effect  discussed  earlier.  However,  as 
opposed  to  the  other  host's  insect  and  plant  curves  in  Fig.  9,  the  insect 
curve  of  S,  gigantea  is  under  that  of  the  plant,  perhaps  indicating  that 
it's  foliage  is  under-exploited.  Nacahoota  Rd  was  the  only  population  of 
qi gantea  found  and  it  occurred  outside  Gainesville  city  limits.  At 
this  location  the  plant  grows  associated  with  many  other  weeds.  Host 
plants  growing  associated  with  other  plant  species  may  be  less  attractive 
to  insects  because  its  odors  are  masked  by  volatile  chemicals  produced  by 
the  other  plants  (Price  et  al.,  1980).  Thus,  it  seems  that  S.  gigantea 
growing  on  Wacahoota  Rd.  is  less  apparent  than  the  other  Sol  1 dago  species 
because  of  its  scarce  distribution  and  association  with  many  other 
plants,  and  this  affected  the  diversity  of  its  Insect  fauna.  The 
possibility  that  most  insects  avoid  S.  gigantea  or  S.  leavenworthii  due 
to  the  low  water  content  of  their  leaves  or  to  the  presence  of 
al letochemicals,  cannot  be  dismissed.  It  was  shown  in  the  previous 
section  of  this  chapter  that  these  two  species  had  low  water  content 
which  may  have  inhibited  nitrogen  assimilation  efficiency  by  the  beetle 
Ophraella  Integra  and  the  moth  Sparganothis  distincta.  Water  is  an 
important  factor  limiting  herbivory  (Southwood,  1972)  and  could  very  well 
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be  influencing  the  number  of  insect  species  associated  with  S.  gigantea 
and  S.  leavenworthii . 

The  protective  chemical  or  physical  defenses  of  plants  may  also  play 
an  important  role  in  insect  species  diversity.  Part  of  the  leaves  on  a 
plant  may  not  be  available  to  the  insects  due  to  the  accumulation  of 
allelochemicals  (Feeny,  1976).  Polyphagous  phytophagous  insects  may  be 
adapted  to  overcome  small  nutritional  problems  (Lawton,  1978).  They 
could  significantly  enrich  the  fauna  of  plants  with  low  chemical 
defenses.  They  would,  however,  avoid  those  plants  displaying  a battery 
of  defenses  including  gualitative  and/or  quantitative  chemicals  and  low 
levels  of  nutrients.  Only  the  insects  adapted  to  overcome  these 
nutritional  problems  would  Inhabit  those  plants.  In  this  case,  a more 
vigorous  foliage  does  not  result  in  a richer  insect  fauna  associated  with 
the  plant,  since  few  insects  would  be  able  to  exploit  it.  Research  on 
the  chemical  composition  of  the  four  goldenrod  species  is  necessary 
before  the  influence  of  protective  chemicals  and  nutritional  quality  on 
the  number  of  insect  species  associated  with  them  can  be  understood. 

In  Gainesville,  goldenrod  seedlings  appear  in  March.  Each  seedling 
produces  a long,  erect  stem  which  originates  from  a seed  or  rhizome  node. 
Leaves  are  added  to  the  stem  as  the  plant  grows  until  late  sumner,  when 
the  resources  begin  to  be  allocated  to  reproductive  structures.  Several 
aerial  stems  arise  from  one  clone,  but  in  this  study,  each  stem  is 
considered  an  individual  plant.  No  branches  are  produced.  The  growth  of 
the  vegetative  parts  of  the  plant  Is  represented  by  elongation  of  the 
stem  and  addition  of  leaves,  whose  area  becomes  smaller  as  their  number 
increases.  New  structures  are  added  in  the  blooming  season,  when  the 


flower  stalks.  The  availability 
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structures,  however,  may  not  result  in  more  architectural  complexity  of 
the  plant,  since  it  may  coincide  with  senescence  and  dropping  of  many 
leaves.  The  overall  complexity  of  a given  species  of  Solidago  slightly 
increases  (S.  fistulosa  and  S.  gigantea)  or  decreases  (5.  canadensis  and 
S.  leavenworthli)  in  the  fall. 

In  temperate  regions,  there  is  a seasonal  progression  of  the  insect 
fauna  on  a plant.  The  number  of  phytophagous  insect  species  on  a patch 
of  bracken  increases  gradually,  reaching  a peak  in  late  July  and  early 
August  (Lawton,  1976).  In  a first  analysis  of  these  data,  the  author 
suggested  that  the  variation  in  number  of  species  of  phytophagous  insects 
was  due  to  a declining  quality  of  bracken  as  food  during  the  growing 
season,  because  most  of  the  summer  the  quality  of  protein  in  the  pinnae 
is  considerably  below  that  usually  regarded  as  optional  for  many  insects. 
At  the  same  time,  the  levels  of  tannin,  lignin,  and  silicate  increase. 
Lawton's  findings  were  very  similar  to  those  of  Feeny  (1970)  on  leaves  of 
oak  trees,  and  both  authors  agreed  on  the  plant  chemistry  explanation  for 
the  seasonal  variation  in  the  phytophagous  fauna  of  bracken  and  oak.  In 
further  discussion  of  these  findings  however,  Lawton  (1978)  expressed  the 
idea  that  plant  architecture  instead  of  plant  chemistry  might  better 
explain  the  variation  in  the  number  of  insects  throughout  the  year.  As 
the  leaf  blade  expands,  the  bracken  frond  becomes  architecturally  more 
complex,  so  that  in  a mature  frond  it  is  possible  for  different  species 
to  exploit  very  different  microclimatic  and  nutritional  conditions  such 
as  the  basal  pinnae  or  the  frond  tip.  This  idea  is  substantiated  by  the 
studies  of  Price  (1976)  on  soybeans  which  show  a parallel  increase  in 
habitat  space  (as  a measure  of  plant  development)  and  in  insect 
diversity.  Cameron  (1972)  found  that  the  seasonal  succession  in  species 
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of  herbivores  and  saprovores  reflected  seasonal  changes  In  the  plant 
structure  in  two  salt  marsh  communities. 

The  seasonal  build-up  of  the  phytophagous  fauna  of  the  four  species 
of  goldenrod  in  Gainesville  seems  to  reflect  both  the  architectural  and 
chemical  composition  of  the  plant.  For  all  four  species,  the  curve 
describing  the  seasonal  progression  of  the  insect  fauna  closely  fits  the 
hypothetical  model  proposed  by  Lawton  (1978)  for  the  interaction  between 
plant  architecture  and  chemical  defenses  during  the  growing  season  of  a 
perennial  herb.  Goldenrod  insect  curves  show  a sharper  drop  in  autumn 
than  Lawton's  model,  perhaps  indicating  a greater  effect  of  the  decrease 
in  food  quality  with  the  age  of  the  plant.  This  effect  is  especially 
seen  on  S.  canadensis,  the  plant  species  with  a more  complex  foliage.  An 
analysis  of  the  changes  in  the  chemical  composition  of  the  leaves  of  the 
four  plant  species  throughout  the  year  would  distinctly  show  the  effect 
of  the  chemical  and  architectural  components  on  the  seasonal  succession 
of  herbivores.  Visual  analysis  of  the  curves  in  Fig.  9 suggest  that,  in 
the  smaller  species  (S.  fistulosa  and  5.  leavenworthii ).  plant 
architecture  accounted  for  most  of  the  variability  in  the  insect 
population,  while  on  the  bigger  and  more  complex  plants  (S.  gigantea  and 
S.  canadensis)  chemical  composition  played  an  important  role.  Perhaps 
large  plants  displaying  an  abundance  of  food  and  shelter  utilize  more 
chemical  defenses  against  Insect  attack.  Analysis  of  nitrogen  and  water 
content  taken  from  leaves  in  the  middle  of  the  growing  season  (July) 
showed  that  S.  canadensis  has  a lower  nitrogen  content.  There  is 
evidence  that  nitrogen  content  of  leaves  decreases  with  age  (Mattson, 
1980;  Johnson  et  al.,  1984).  The  nutritional  quality  of  S.  canadensis 
might  become  very  poor  late  in  the  growing  season  and  although  there  is 
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an  abundance  of  foliage,  it  is  not  really  available  to  the  insects. 
Leaves  of  S . gigantea  are  not  low  in  nitrogen  content  compared  to  S. 
fistulosa  and  S.  leavenworthii.  It's  leaf  water  content  is  low  but  it 
comparable  to  that  of  leavenworthii.  These  observations  support  the 
idea  discussed  before  that  S_.  gigantea  may  have  protective  chemicals 
which  limit  insect  colonization. 

In  summary,  the  complexity  of  the  foliage  seems  to  he  the  main 
factor  determining  insect  species  richness  associated  with  Solidago  spp 
In  Gainesville.  However,  environmental  factors  and  plant  density 
influenced  variability  within  the  same  species  and  among  species. 
Chemical  composition  and  nutrient  rates  may  be  the  possible  explanation 
for  the  residual  variance  observed  when  the  above  factors  are  excluded. 
The  seasonal  build-up  of  the  phytophagous  fauna  seems  to  follow  the 
chemical  and  architectural  changes  in  the  plant  during  the  year. 


CONCLUSIONS 


Although  native  forbs  tend  to  have  a more  specialized  fauna,  the 
great  majority  of  phytophagous  Insect  species  collected  on  goldenrod  in 
Gainesville  are  polyphagous.  This  is  related  to  the  fact  that  only  one 
species  of  Homoptera,  the  most  represented  group,  is  specific  to 
goldenrod. 

Among  the  Insects  which  feed  only  on  Solidaqo  and  Aster,  seven 
species  are  considered  to  be  potential  biological  control  agents:  one 
attacking  roots,  Eurosta  prob.  comma  (Tephritidae),  two  leaf  chewers, 
Qphraella  Integra  (Chrysomelidae)  and  Sparqanothis  distincta 
(Tortricidae),  two  leaf  miners,  Aqromyzidae  sp.  1 and  Cremastobombyci a 
solidaqinis  (Gracilariidae),  and  two  attacking  flowers  and  seeds, 
Schizomyia  racemicola  (Cecidomyiidae)  and  Schinia  nundina  (Noctuidae). 

Only  three  insect  pests  of  economic  crops  were  found  on  goldenrod. 
All  were  Hemiptera:  the  tarnished  plant  bug,  Lyqus  lineolarls.  the 
southern  green  stink  bug,  Nezara  viridula  and  the  mirid  Tayloriligus 
pallidulus.  These  species,  however,  are  highly  polyphagous,  and  may  be 
found  associated  with  many  other  weeds.  Thus  goldenrods  growing  in  or 
near  agroecosystems  should  not  be  considered  a threat  to  crop  fields  for 
hosting  these  pests. 

On  the  other  hand,  goldenrods  are  an  inoculum  for  many  natural 
enemies.  Many  adult  predators  and  parasites  are  attracted  to  this  plant 
for  nectar  and  honeydew  and  44  species  of  spiders  were  found  associated 
with  goldenrods. 
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The  water  and  nitrogen  content  of  the  leaves  of  the  four  Solidago 
species  studied  had  a significant  effect  on  the  performance  of  the  beetle 
0.  inteqra  and  the  moth  S..  distincta.  8oth  insects  developed  faster  and 
had  higher  survivorship  and  fecundity  on  S.  fistulosa,  the  host  with  high 
leaf  water  and  nitrogen  content.  Although  S.  canadensis  had  a 
significantly  lower  leaf  nitrogen  content,  the  Insects'  performance  on 
this  host  did  not  differ  from  that  on  qiqantea  and  S.  leavenworthii. 
Low  leaf  water  content  of  the  last  two  species  may  have  inhibited 
nitrogen  assimilation  efficiency  and  nitrogen  accumulation  rate  by  the 
larvae  of  the  two  insect  species.  The  direct  effect  of  low  leaf  water 
content  was  more  evident  on  the  performance  of  0.  inteqra,  which  is  an 
external  feeder,  than  on  S.  distincta  which  is  a leaf  tier  and  thus 
behaviorly  more  protected  against  desiccation.  Leaf  nitrogen  content  is 
the  principal  factor  affecting  the  development  of  the  moth. 

Total  leaf  area  was  the  main  factor  determining  insect  species 
diversity  of  goldenrods.  Plants  with  more  foliage  (measured  as  number  of 
leaves  x average  leaf  area)  had  more  phytophagous  and  total  insect 
species  associated  with  them  than  plants  with  sparser  foliage.  The 
overall  architecture  of  the  plant  was  not  correlated  to  species  richness 
because  the  addition  of  flower  stalks  is  not  followed  by  a significant 
increase  in  the  insect  fauna.  Height  of  the  plant  seems  to  have  an 
indirect  effect  on  insect  species  diversity  because,  up  to  a certain 
point  in  the  growing  season,  higher  plants  have  more  leaves.  Height 
alone  did  not  significantly  affect  the  number  of  insect  species 
associated  with  the  plant.  Environmental  factors  affected  plant  growth 
which  in  turn  caused  variation  in  species  richness  among  populations  of 
the  same  host  species.  Plant  abundance  also  influenced  Insect  diversity 
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because  more  resources  were  available  to  herbivores.  The  richness 
beneficial  fauna  is  not  related  to  the  plant  structural  complexity 
other  factors  such  as  the  presence  of  honeydew-producing  herbivores 
plant  density  and  the  presence  of  other  blooming  plants. 

Small,  unexplained  variations  in  the  number  of  insect  species 
associated  with  goldenrods  were  attributed  to  chemical  defenses  and 
nutritional  quality  of  the  host  plant.  Further  studies  are  needed 
test  this  hypothesis. 


APPENDIX 

Analysis  of  variance  and  correlation  coefficients  of  the  measures  of 
architectural  complexity  of  the  four  host  plants,  and  criteria  used  t 
derive  the  architectural  rating. 


Table  Al. 


sight,  total  leaf  area  and  size  of 


Height 


Mean  Squa 
1984 


Location  (L)  6 


Month  (M)  3 
L * M 17 
Error  1005 


47656.73*" 

537048.23*" 

2460.71*** 

351.27 


939043.82"* 

1060590.80"* 

1440471.20*** 

23437.19 


279761.70**' 

91957.71"' 

10540.47 


Location  (L) 
Year  (Y) 

Month  (M) 


3 26656.50*" 

1 6292.19*" 

3 490.11*" 

2 691934.20*” 

2 2920.75*" 

6 2363.21”* 

6 1119.72*** 

896  231.26 


1416427.00"*  54390.36** 

1083419.37***  163424.05*** 
197522.56***  28254.73* 

803083.15*** 

951634.6*" 


130570.83*** 

21133.72 


312 


stalks. 


Table 


A2. 


Criteria  used^to^derive 


architectural  rating  for  four 


<50  45-60  60-75 
<80  39-95  95-110 
<135  135-155  155-175 
<155  155-165  165-175 


75-90 

110-125 

175-195 

175-185 


Leaf  Area 


May  <200  200-300 
July  <380  380-480 
Sept.  <350  305-450 
Oct.  <300  300-400 


300-400  400-500  <500 
480-580  580-680  <680 
450-550  550-650  <650 
400-500  500-600  <600 


Flower  Stalk 


<170 

<210 
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Table  A3. 


Correlations  of  measures  of  the  architectural  complexity 
of  Solidaoo  plants  with  the  number  of  insect  species 
associated  with  them. 


Total  Overall  Partial 

Height  Leaf  Area  Architect.  Architect. 


Phytophagous 

Beneficials 

Total 


Correlation  Coefficients 

0.14  0.53***  0.18 


0.38*  0.03  -0.28 

-0.07  0.38*  0.00 


0.33 


Correlation  coefficient  significant  at  the  5*.  1*  and 
0.5*  levels,  respectivelly. 
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